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Inciting  the  instaiuc  of  tin-  jdId  star  as  a  proof  that  the 
astronomical  theory  of  the  inclined  axis  of  the  earth  is  not 
supported  by  the  facts,  we  stated  that  the  pole  of  the  earth 
(i.e.  the  zenith  place  in  the  heavens  alxjve  the  north  jwlo  of 
the  earth)  ahuost  coincides  (a])parently)  with  the  j.ole  of  the 
ecliptic,  instead  of  being  constantly  situated  at  a  place  aluiul 
l-'Hr  distant  from  the  j)ole  of  the  ecliptic.  Now  this  state- 
ment is  not  in  accdrdance  with  the  teaching  contained  in 
works  on  Astronomy  ;  for  e\-ample  : 

ffersrhrl'.s  OntHni-H  of  Asfruiioiiii/,ird'^Q  198  : 
(;K)7).  "TIk!  poles  of  the  ecliptic,  like  those  of  any  other 
great  circle  of  the  s])heie,  are  points  on  its  surface,  e(iui- 
distant  from  the  eclii)tic  in  every  direction.  They  are,  of 
course,  not  coincident  with  those  of  the  equinoctial,  but 
removed  from  it  by  uu  angular  interval  ei|ual  to  the  incli- 
nation of  the  ecliptic  to  the  efjuinoctial  {2:r  28),  which  is 
called  the  ohliquihj  of  the  ecliptic:' 

The  precession  of  the  eipiinoxes  and  nutation  of  the 
earth's  axis  are  not  here  the  immediate  sulijects  of  consi- 
deration ;  but  we  will  continue  the  quotation  .somewhat 
further,  for  the  purpose  of  more  particularly  defining  the 
present  teaching  as  to  the  relative  positions  of  the  poles"  and 
of  showing  the  complications  which  ari.se  from  assuming  the 
pole  of  the  earth  to  be  inclined  to  that  of  the  ecliptic." 

(316).  "It  is  found  then,  tliat  in  virtue  of  the  uniform 
part  of  the  motion  of  the  pole,  it  describes  a  circle  in  the 
heavens  around  the  pole  of  the  ecliptic  as  a  centre,  keeping 
constantly  at  the  same  distance  of  23°  28'  from  it  in  a 
directioii  from  east  to  west,  and  with  such  a  velocitv,  that 
the  annual  angle  d.-scvibed  by  it,  in  this  its  imaginarv orbit. 
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i-^  "lO.lO"  ;  Si)  that  llic  wlmlo  circli'  would  lie  descvihod  liy  it 
ill  the  above  lueiitioiu'd  }H>i'iud  of  Lin.Sd.S  years.*  It  is  vasy 
i()  ])eroeive  liow  such  a  inntion  of  the  jtnlc  will  give  vise  to 
the  retrograde  motion  of  tlie  e(iuiii(i.\t's  ;  I'or  in  the  ligure, 
art.  noS-f,  su]>i)Ose  th(^  ]>(ile  I'  in  the  progi'ess  of  its  motion  in 
tlie  small  rircle  TOZ,  round  X,  to  eonie  to  0,  then,  as  the 
situation  of  the  ei|uinoctial  VA'Q  is  determined  by  that  of 
tlie  pole,  this,  il  is  evidi'Ut,  nnist  eause  a  displacement  of 
the  eipiinoctial,  which  will  take  a  new  situation  Kl't,),  DO' 
distant  in  every  part  from  the  now  position  O  ot  tni'  ]iole. 
The  point  V  therefore,  in  wliieli  the  displaced  e([uinoetial 
will  interce])t  the  eclijitic,  i.<\  Ihe  dis[)laced  equinox  will  lie 
on  that  side  of  V,  its  origii;,'!  ]iosition,  towards  which  tht; 
motion  of  tliC  i)ole  is  directed,  ov  to  the  westward."' 

(';>17).  '■  The  i)recessioii  of  the  ei^uinoxcs  thus  conceivetl, 
consists  then,  in  a  real  hut  very  shtw  motion  of  the  pole  of 
ihe  heavens  among  the  stars,  in  a  small  circle  roinid  the  pole 
of  the  ecliptic.  Now  this  cannot  haitpen  without  producing 
corresponding  change-^  in  the  apparent  diurnal  motion  of  the 
s])]u're,  and  the  aspt'ct  whicli  the.  heavens  iuust  present  at 
vcrv  reiuote  ])t'riods  of  histoiy.  The  iiole  is  nothing  more 
tlian  tlie  vanislung  jioint  of  the  earth's  axis.  .\s  this  point, 
then,  has  such  a,  motion  a-;  wc  have  described,  it  necessarily 
i'oUows  that  the  earth's  axis  must  have  a  conical  motion,  in 
virtue  of  wliich  it  points  successively  to  every  ])art  of  tlu^ 
small  circle  in  ([uestion.  We  may  form  tlie  l)est  idea  of  sucli 
a  motion  bv  noticing  a  child's  }»eg-top  v  lien  it  spins  not 
a[)right,  or  that  amusing  toy  the  te-to-tuni,  which  w  lu'ii  de- 
licately executed,  and  mcely  lialanced,  becomes  an  elegant 
philosophical  instrument,  and  exhibits  in  the  most  beautiful 
iiiauner  the  wlmla  ]>lieiiomeno!i." 

The  teaching,  therefore,  contained  in  llui  I'oregoing  is 
Unit  tlie  ])olc  of  tlu^  earth  is  situated  at  an  angular  dis- 
tance  of   alioiit  'I'^S'   iVoin    the   pole  of  the  ecliptic;   the 
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]M)lo  of  tlio  equinoctial  \miv^  eousidonul  in  this  connexion 
an   ('([iiivalcnt   term    with  the   jxjle   of   the  earth.      How 
stand  the  facts  :'     The  ])o\v.  of  tlie  eclipt'c  may  evidently 
he   considered   as   the   vertical    axis    ol"   the  sun   extended 
northwards    into    the    heavens  ;    or,    in    other   words,   the 
]ilace  in  tiie  heavens  directly  over  the  northern  extremity 
of  the  sun's  vertical  axis  (over  the  nortli  ])ole  of  the  sun). 
In  Fin'.  .")  of  Su]i])lement  A,  the  arrows  crossin<4'  the  earth 
indicate   the   position    ol'    tlu;  e.u'tli's  axis,    if    inclined  as 
assumed  l»y  the  present  astronomical  thenry  at  an  an<i;le  of 
l'.">°  2^1  ;    and   ihey   point    accordingly  to    a   place    in    the 
iieavens  at  an  angular  distance  of  2:V'  2S  from  the  pole  of 
ilu!  ecliptic,     Xow  if  we  take,  in  the  first  instance,  the  ])lae(f 
of  the  earth,  at  the  extremity  of  its  orhit  to  the  right  of  th(> 
sun,  and — su])po.sing  an  ohservation  of  tlie  heavens  to  have 
l»een  made  from  that  point  ol'  view — we  then  take  the  place 
nf  the  earth  at  the  ojipositc;  extremity  of  the  orhit  to  the 
left  of  the  sun,  and  again  su])i»ose  an  ohscrv,  ;  ion  to  he  made 
I'roni  tlie  same  place  on  the  earlh  ;  will  the  api)arent  relative 
])lace  of  the  pole  of  the  ecliptic  tn  that  of  the  eaith  he  tht> 
'vune  from  the  second  ])oint  of  view  as  it  was  from  the  lirst  : 
The  answer  must  ho  that  the  api)areut  relative  places  of  the 
two  poles  will  differ,  hut  will  not  necessarily  differ  to  more 
than  a  very  .slight  extent  when  viewed  from  the  eailh  at  the 
opposite  extremities  of  the  orl)it  successively.     Ihit  it  is 
manifest  that  the  situatinn  of  the  ])oint  of  vimv  on  the  earth 
relatively  to  the  sun  will  not  he  the  same  at  the  o])po,sil(^ 
extremities  of  theorl)it,  hecause,  from  the  inclii\ation  of  the 
iixis,  that  locality  on  the  eartli,  which  at  the  one  extremit\' 
would  ]ia\e  for  its  zenith  a  place  near  the  pole  of  the  eclip- 
tic, would  at  the  opposite  extremity,  if  oct'u])ying  the  s.im  • 
])o.sition  I'elatividy  [it  the  axis  uf  the  earth,  look  towards  a 
]»oinL  ill  the  heavens  at  a  consid(>rahle  angular  distance  from 
the  pole  of  the  eidiptic.      Let   us   tliercfore  i'n([uire  further 
whether  the  apparent  relative   position   of   tiie   two   judes 
would  he,  in  the  ease  supposed  hy  the  theory  of  the  inclined 
axis,  affected  hy  the  rotation  of  the.  earth  on   its  axis  ;  that 
is  to  say,  whether  if  an  nhscrvation  he  made  from  a  definite 
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place  on  the  eartli's  surfaco  at  a  certain  time  of  tlie  day- 
say  at  midnin;lit ;  and  a  second  observation  be  made  from 
the  same  place  at  some  other  time  of  tlie  day— say  at  mid- 
day :  would  any  alteration  in  tlie  ai)parent  relative  position 
of  the  two  poles  be  tlien  observed  ?  Evidently  there  would 
be  a  considerable  alteration,  for  let  the  place  of  the  observer 
at  midnight  be  at  (a)  ¥i^.  1,  whicli  may  be  supposed  situ- 


^ 


m, 


ated  at  a  latitude  of  GOT  north;  so  that  the  zenith  of  the 
observer  would  ho.  considered  to  coimide  with  the  pole  of 
the  ecliptic,  and  woidd  have  therefore  an  apparent  an;,mlar 
distiinrr  of  nhm\    L':ii^  iVnm   liic   pole   star:  tlien,  at  the 
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second  oljaurvaLioii  tiilicii  aL  midday,  tlio  .same  place  on  the 
earth  will  be  as  shown  at  (h),  and  the  zenith  of  the  (observer 
will  be  47"  distant  from  t!:e  zenith  place  of  the  previous 
observation  :  the  poli;  star  bein^,'  situated  between  the  two 
zenith  places  at  the  half  distance  (and  therefore  23.1°  west 
of  the  last  zenith  ])lac(i) *.     A  litt  le  further  consideracion  will 
suffice  to  make  it  evident  that— if  the  axis  of  the  earth  bo 
inclined  towards  the  vertical  axis  oi'  tlie  sun,  and  the  other 
circumstances  are,  in/acf,  as  they  are  assumed  to  be  in  the 
astroncnnical  theory— tlien   must  the   p.de  of  the  ecliptic 
necessarily  mak.  an  ai)parent  diurnal  revolution  around  the 
I)ole  star  in  a  circle  having  a  diameter  of  about  47°.     Do  the 
observed  facts  of  astronomy  iiereiu  sujijtort  the  theorv  ^ 
HcrschTs  Outlines  cf  Aslnnunaij,  jKige  19H. 
(306).  "  The  position  of  tiie  ecliptic  among  the  stars  may, 
for  our  present  purT)ose,  1  )e  regarded  as  i n  variable.     It  is  true 
that  this  is  not  strictly  the  case  ;  and  on  comparing  together 
its  position  at  present  with  that  which  it  held  at"' the"' most 
distant  epoch  at  whicli  we  jk.sscss  ol),servations,  we  find 
evidences  of  a  small  change,  which  theory  accounts  for,  and 
whose  nature  will  be  hereafter  explained;  but  this  clianne 
is  so  excessively  slow,  that  for  a.  great  many  successive 
years,   or  even  for  whole   centuries,   this   circle   nuvy  bo 
regarded,  for  most  onlinary  purposes,  as  holding  the  same 
position  in  the  siderial  lieavens." 

(308).  "Since  the  ecliptic  holds  a  determinate  situation 
m  the  starry  heavens,  it  may  be  employed,  like  the  eciuinoc- 
tial,  to  refer  the  positions  of  the  stars  to,  by  circles  drawn 
through  them  from  its  poles,  and  therefore  perpendicular  to 
It.  Such  circles  are  termed,  in  astronomy,  circles  of  lati- 
tude-the  distance  of  a  star  from  tlie  ecliptic,  reckoned  on 
the  circle  of  latitude  passing  through  it,  is  called  the 
latitude  of  the  stars-and  the  arc  of  the  ecliptic  intercepted 
between  the  vernal  equinox  and  tliis  circle,  its  longitude 

'From  the  place  of  the  Hnst  obsorvatiou,  the  ..bscivcr  .uw  the  pole 
«^r  oeyond  the  pole  of  the  ecliptic  which  wa«  over  his  head  ;  in  the  p^e 
of  the  second  observahon  the  pole  star  is  nearer  to  the  observer,  and  he 
sees  the  pole  of  the  ecliptic  23r  beyond  it. 
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in  the  figure,  X  is  a  star,  PXK  a  circle  of  declination  drawn 
through  it  by  Mliicli  it  is 
referred  to  the  equinoctial, 
and  KXT  a  circle  of  lati- 
tude referring  it  to  the 
ecliptic  —  then,  as  VK  is 
the  right  ascension,  and  IJX 
the  declination  of  X,  so 
also  is  VT,  its  longitude, 
and  TX,  its  latitude.  The 
use  of  the  terms  longitude 
and  latitude,  in  this  sense, 
seems  to  have  originated  in 
considering  the  ecliptic  as 

forming  a  kind  of  natural  equator  to  the  heavens,  as  the 
terrestrial  equator  does  to  the  earth — the  former  holding  an 
invariable  position  with  respect  to  the  stars,  as  the  latter 
does  with  respect  to  stations  on  the  earth's  surface.  The 
force  of  this  observation  will  become  api)arent." 

(310).  "  It  is  often  of  nse  to  know  the  situation  of  the 

ecliptic  in  the  visible  heavens  at  any  instant ;  that  is  to  say, 

the  points  where  it  cuts  the  horizon,  and  the  altitude  of  its 

liighest  point,  or,  as  it  is  sometimes  called,  the  nonagcsimal 

point  of  the  ecliptic,  as  well  as  the  longitude  of  this  point 

on  the  ecliptic  itself  from  the  equinox.      These,  and  all 

questions   referaV>le   to   the  same   data   and   quiesita,   are 

resolved  by  the  s])hcrical  triangle  ZTK,  formed  by  the  zenith 

Z  (considered  as  the  pole  of  tlie  horizon),  the  pole  of  the 

equinoctial  V,  and  tlie  pole  of  the  ecliptic  E.     The  siderial 

time  being  given,  and  also  the 

right  ascension  of  the  pole  of 

the  ecliptic  (which  is  always  the 

same,  viz.  18"-  0'"  0^),  the  hour 

angle   ZPE   of    that    point    is 

known.     Then,  in  this  triangle 

we  have  given  PZ,  the  colati- 

tude  ;  PE,  the  polar  distance  of 

the  pole  of  the  ecliptic,  23°  28, 

and  the  angle  ZPE  from  which 

we  may  find,  1st,  the  side  ZE, 
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which  is  easily  hcoii  to  ho  ('(|iiiil  (o  (he  altilinh'  of  the  uoiia- 
.HCHimal  jiDiiit  sought ;  uiid  L'mlly,  the  aii,u;l(!  I'ZK,  wliich  is 
the  a/iliiiltli  of  the  poh'.  of  lh(!  ecliptic,  and  which,  therefore, 
li('iii'4'  aildcil  to  and  suhstracted  from  •.10",  !^i\es  the  a/inmlh 
of  the  ea-^tern  and  western  in(ersecti(Mis  of  the  ecliptic  with 
the  h(M'i/,oii  ;  la-^tly,  the  lon;;-iludc  of  the  nona^esimal  point 
may  lu^  had,  hy  cahadatin^'  in  tlic  same  triangle  the  an';h' 
I'KZ,  winch  is  its  comphauein." 

The  ])lace  of  the  pole  of  the  ecliptic  in  the  heaAcns  can- 
not 1k!  consider.'d  as  an  ohserved  fact,  hecause  the  ])ole  itself 
is  sM]»])ositi(ms  or  nna.i^inary  ;  and  its  sitnation  (localitv) 
is  deduced  from  (and  therefore  the  correctm'ss  (tf  its  local- 
ization is  depeiulent  npon)  the  theiuT  which  determines 
(explains)  the  path  of  the  earth's  revolntion  around  the  sun  ; 
hut  the  placH!  (of  the  ixtle  of  the  ('(dijitic)  havin;4-  heen 
theoretically  deUirniined  or  localized,  immech'ately  hecomes 
related  to  the  ]>laces  or  situations  of  stars  which  an-  suhjects 
oi'  direct  ohservaliiai ;  and,  conseipieuily,  \\v.  thirs  ohtain  a 
nienis  ol'  indirectly  olisei'vin^'  (so  to  speak)  the  sufiposed 
place  of  the  ])ole,  and  of  vei'Ifyin,n'  its  coi'ivclness. 

h'eturnini!;  a^'ain  to  the  (ai([uiry,  at  i)a,ne  ."i;  we  will  sap- 
]tnse  the  two  ohse'-vations  from  the  same  definite  station  (Ui 
t he  earth  to  he  repeated ;  the  first,  at  midn i-ht ;  and  the  second , 
at  midday.  On  ohservini.;-  the  j»ole  star  it  is  seen  to  he 
sin'r<ainded  hy  certain  stai's  nioiv  or  less  near  to  it.  Now  if 
we,  ado)»tiui4-  the  theory  of  the  in(diiied  axis,  assume  the 
Jilace  of  the  ])Mle  of  the  eclii>tic  to  he  at  ahiait  L';;.l'  east  of 
t!ie  ]iole  star,  that  place  will  he  seen  to  he  likewise  sur- 
rounded hy  certain  stars  which  will  he  at  distances  varvinu 
from  20"  to  'Mr  from  the  ])nh  star.  The  ])osition  of  these 
last  (i.e.  the  stars  near  the  assumed  ]tlaco  of  the  ])oIe  of  the 
(V'liptic)  hehiH'  noted  at  the  lirst  ol.servation  taken  at  mid- 
ni.nht,  will  eertaiidy  he  hiund  at  the  second  ohservatiou 
taken  at  midday  to  ha\e  underi^one  a  coiisiderahle  altia'alioii 
relatively  to  the  pole  star— nanudy,  eai;h  of  the  stars 
helonn-ing  U)  the  last  j^roup  will  have  revt)lved  throu.«>h  the 
half  of  a  circle  around  the  pole  star,  and  will  now  (i.r.  at  tlu' 
second  ohservatiou)  he  found  at  the  same  disianct!,  al)out 
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2'^'  U>  tlic  Wfst  (.r  ilic  ).(.l.'  star.     Tli;it  tliis  umsl    1m'  mi  i> 
ulividUS   licriiiisc    ihc    pliicc  nl'  tlic   nliscrviT    il|ii)ii    tlir  tMitli 

liiis,  ill  coii.H'iiui'iicc  III'  till'  iMi'tli's  nit.itiuii,  iii'tuiilly  rcvithi'il 
tlii'iiii^li  :i  liiiir  cirt'li'  iii'iMiiiil  IJii'  jMilc  ;  liiil  tlii'  ])Iii('('  nl'  tlir 
iih-it'r\i'l'  is  In  tlic  iiliscivrr  ''/</)"/•<(/////  lilntiiiiilrss,  iiinl  tlir 
jMili'  Nl;ir  is  till'  rn'oj^iiisi'il  stiiliiiiiiiiy  |i(iiiil  nj'  irrrrciicc  : 
niii«;c(|iniitlv.  tin-  nlliiT  stars  ii|i|>t';ii  tn  iiiakc  a  ri'\  oliit  inn 
aiHiiinl  llir  jMilc  -lai',  wlirii  nlisiTXcd  Irniii  till'  saiiH'  |>hiii' at 
s||r(cs>i\i'  I  iliii'S  illirill}4  a  ritlii|iii'tc  rcvnllllliili  III  tlir  rartli 
III!  its  axis,  A^aili,  siiirr  the  |iiilr  nl'  tlir  I'lliptic  may  lir 
riiiTiM'tly  ('llii'iin'tii'aiiy  1  rmisidi'iril  as  mi  iii\isilili'  star 
ijircrlly  tivcr  tlir  imrtlit'iii  cNMlviiiity  nl'  llic  Ncrtical  axis  nl' 
lilt'  sun  ;  and.  siinr  tlir  ]hiIi'  star  is  sitiiati'd  diicdly  hmt 
llir  laiftli  |i(i|('  III  tlic  caitli  :  csiilciitly  tlic  iiivisililc  star  (nr 
|Milc  III'  the  i'rli|ilicj  is  ill  tlic  same  case  in  rcnaid  In  its 
|iositi(»ii  r('li"ti\cly  In  the  |»nlc  star,  as  arc  the  (ntlicrj  slai's 
liy  wliicli  it  is  siirrniiiided  ;  wlieii  llic  latter  a|i)ieai'  tn 
I'cvdlvc  ai'iiiiiid  the  |iiil(' star,  sn  must  likewise  the  rnriiici' : 
and  wlicu  the  liositioil  nl'  the  ntlief  stai's  rclati\cly  tn  tiic 
|inle  stai'  Ulideljines  altera  linn,  the  |insitinii  nl'  the  |)nle  nl'  the 
•  'cli])tie  miisl  iiii(lcry;n  the  like  ajiitiin.'iit  altcralinii,  |irecisely 
the  saiiKi  as  11ioiil;1i  it  were  actually  niic  nl'  llinsc  stars. 
Nnw  the  |ii'es('iit  assuiii]itinii,  as  laii;^hl  in  wnrks  of  astrnii- 
nmy  (see  iirls.  ."llHi,  ."'.(IX,  ;>]()  nl'  llerschel's  wnrk,  iiunted, 
l>Mi4C  7),  is  tliilt  the  liliiee  (if  the  iinleol'tlio  ('cli|ili('  <lnes  iint 
rc\nlve  arnuud  the  imle  star  fnr  C(|uilincl'al  pull'),  hut 
remains  lixed  relatively  theretn,*  and  such  as.'^iiiiiiitinii  is,  as 
we  ha\('  nnw  slmwn,  irrecniicilalilc  with  )'ie  lads  nl' 
aslrniiniiiy.  ihil  what,  il'  llio  lixed  |ilace  nl'  the  jiok'  nl'  the 
ecliptic  he  '^i\(Mi  Up  ;  and  if,  still  assuming;  the  same  iclalive 
jilacc,  it  Ik;  cniiceiled  that  the  pnle  nl'  the  ecliptic  dues 
remnve  and  has  a  diurnal  rcvrilutinn  arniind  the  ]iiile  star  :' 
Then:  the  thenry  nl' ihc  iiudilied  axis  nl'  the  eailh  liecnmes 
irrecniicilahle  w  ih  the  facts  nl' iistrnnniiiy  ;  and.  cniisci|neiillv, 

uutonahle. 

'  As  a  practitiil  ilcUnitiou  ol  the  present  tcmliiiiy,  il  may  l»;  n-- 
niarki.'il  tliat  on  the  celestial  .irlobe  llio  [lolc  "f  liuj  k  liptii'  is  imw 
shown  as  a  iiuiti*  ilistiiict  ciiitic  am!  at  a  ilistam  r  oj  ■■.:.'!.i.  IVum  i1m- 
iicitli  ))olf  of  tlic  eartli. 
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Tlic  cIlccL  (»f  11  stellar  .system  luiviiig  its  (ji-bital  plane  pcr- 
IK'iidicuhir,  or  at  an  angle  approaching  the  per])cndicnlar,  to 
tlu"  orbital  i)lane  of  tiio  solar  system,  does  not  seem  to  have 
lieon  niaile  the  sul>ject  of  especial  study  by  astronomers. 
In  our  Fig.  o  (1*1.  :^),  illustrating  the  pole  star  and  the  sohir  sys- 
!cui,tho  distance  of  the  jiole  star  from  the  sun  as  reprc  .ented  is 
nearly  the  same  as  the  distance  of  the  planet  Neptune  (if 
rt'l)resented)  would  be  from  tl.(!  sun.  Therefore,  if  we  suy)- 
pose,  foi'  the  jiurpose  of  illustration,  the  ])ole  star  to  be  the 
centre  of  gravitation  of  a  system,  having  its  ])lane  of  revo- 
lution directly  perpendicular  to  that  of  oui'  solar  system, 
and  of  which  the  orbit  of  one  of  the  planets  was  about  equal 
in  diameter  to  the  orbit  of  the  planet  Neptune,  it  is  evident 
that  the  planet  so  circumstanced  would  approach  more  or 
less  closely  to  our  siui.  In  looking  at  sucli  a  representation 
as  that  shown  at  Fig.  ?,,  and  on  a  merely  superficial  consid- 
eration of  the  case,  it  would  seem  that  such  a  vertical 
motion  of  a  body  at  right  angles  to  the  path  in  which  the 
earth  is  moving,  if  seen  from  the  earth,  could  not  be  mis- 
taken for  or  confounded  with  a  motion  in  the  same  or  nearly 
in  the  same  i>Iane  as  that  of  the  earth's  revolution.  A  closer 
and  more  attentive  ccnisideration  of  the  actual  conditions, 
however,  will  show  that  it  might  not  be  very  difficult  to  fall 
into  such  an  ernjr.  The  planet  would  have  descended,  so  to 
speak,  nu)re  or  less  nearly  to  the  horizontal  ])lane  before  the 
light  from  our  sun  rendered  it  visible  to  an  observer  on  the 
earth,  it  would  then  appear  to  a])proac.h  the  sun  from  or  in 
an  almost  horizontal  plane;  and,  if  instead  of  the  directly 
vertical,  we  substitute  the  supposition  of  a  ])lane  deviating 
not  very  considerably  from  the  vertical,  we  shall  then  have 
a  case  wherein  the  com])ounded  motions  would  lie  very 
likely  to  ])erple.\  and  mislead  an  observer  whose  ))oint  oi' 
view  was  u[)on  the  earth  ;  and  such  would  be  almost  cor- 
taiidy  the  result,  if  the  observer  viewed  the  moving  body 
with  a  prejudice  fir  l'oreg(Jue  conclusion  that  the  liody  was 
revolving  around  our  own  sun  in  a  plane  either  horiz(nital 
or  not  deviating  very  much  from  a  horizontal  plane.  Let  us 
consider  some  of  the   conditions   under  which   a  planet, 
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]u;](iii-in<;'  to  iUU)llK'r  system  Imviiijj;  its  ]tla!U'  of  ivvolutidii 
vortical,  or  iicnrly  vertical,  to  tliat  of  tlio  solar  system,  would 
pivsenl  itscll'  to  a  terrestrial  ol)sei'ver.  In  the  first  ])laee, 
since  tli(!  niotior,  ol'  tlie  stran,!;cr  planet  would  be  at  ri,ulit 
an;L;les  to  tliat  of  tlie  eartli,  tlie  actual  orltital  motion  of  tlie 
eartli  would  in  ajipearance  he  ti'ansferrcd  to  tlie  jdanet,  and 
would  hecome  an  ad(htion  to  the  a])]»arent  motion  oi'  the 
planet,  tlieivhy  converlin.L,'  the  vertical  into  an  uiiparently 
ohliipu!  moliou.  II'  tlie  slran^^er  ]»lanet  was  of  considerable 
size  and  a]i]iroached  sullieiently  near  to  any  ol"  the  planetary 
luenibei's  of  tlu>,  solar  system,  it  wouhl  perturb  or  cause  a 
dc\iatiou  in  tiieir  orbital  motion.  11'  attended  l)y  satellites 
of  moons,  these  wonld  have  an  ap])arent  motion  of  revo- 
lution around  their  ('entral  planet  in  the  opjiosite  direction 
to  the  orbital  motion  of  the  earth.  It  is  evident  that — so 
Ion-  as  (lie  two  systems  retained  the  same  relative  positions, 
iiii.i  I  he  distance  between  the  sun  and  the  star  remained  the 
same— t!ie  stranger  i)lanet  wotdd  periodically  return  in  its 
(irbi'i  o|'  ifMilution  around  its  own  centre  f»f  jj;ra.vitatiou  to 
thi'  s.inic  relative  i)lace ;  and  hence,  ])articularly  if  the  dis- 
l;!ucc  was  xcry  ^n'eal,  and  observations  retpiired  the  medium 
of  a  iiowcrl'ul  telesco]ie,  the  stran,ii;er  ]tlanet  might  l)e  very 
easily  mistaken  i'm  an  athlitional  iiicndier  of  the  solar 
system.  l'",utcrlaiuin;j:  tli(!  not  improliatile  supposition  tliat 
other  stellar  systems  may  be  so  arranged  as  to  have  their 
jilaues  of  revolution  V(!rtical  to,  or  diU'ering  consideral)ly 
from,  that  oi'  tlie  solar  system  ;  and  that  some  of  the  mem- 
bers of  oiu'  or  more,  of  these  stellar  systems  may  be,  or 
become,  liy  tlic  aid  of  veiy  ])owerful  telescopes,  visible  from 
tlie  (sarth,  let  us  consider  the  case  of  the  two  most  distant 
planets  which  are  now  .sujtposed  to  belong  to  the  solar  sys- 
ti'.m.  In  doing  so  it  will  1ie  most  satisfactory  to  take  the 
least  distant  of  the  two,  as  lieing  the  best  observed  and  of 
which  the  a])parent  motion,  for  some  considerable  time  past, 
has  lieen  recordetl. 

The  planet  rraiius. — Subsecpiently  to  the  discovery  ol' 
this  planet  by  Sir  Win.  Herschel  in  1781,  it  was  foimd  that 
observations  of  it  had  been  recorded  by  preceding  astron- 
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,,lii(.|s,  :iliii  iIkiI  Us  liro-Tt'sS  cniiM  In-  lliricliy  lliKcd  luick, 
wiHi  siMiir  ili'-ivc  111'  rcrliiiiily,  tn  lln'  i':irIiost  iicfiud  (.f  siicli 
nn.>cr\;ili'-iis.  Tliis  Iiiivlli-'  lift'li  ''(.lie,  tlic  ivsiilt  sliuwcd 
iliiii  til,.  ;iciii;il  (irl«il;il  imtli,  tliriui-ii  wliicli  tlic  pliinct,  1i;h1 
(;I)i)h';iI(m1    1(1    li:i\f)    liiuvcil,  (liH'rrcil   yrOiltly   IVoill  tll(^  llu!(i- 

ivliciil  imth  wliicli,  CI    sidcivl  ns  a  iiicmhiT  uf  the  solar  sys- 
tiMU,  it  sliiiuM  liavf,  r..ll..\\r.l.      r.y  attiilMiliii^'  posHiliU;  ciTdi- 
ld  ihr  futHrr  (iliscrva,tiiins,  ami   liy  lIuMiicliral  siipiiitsilioiis 
111'  iiKuv  nr  1(  ss   iii,u't'iiiiil> ,  tlic   (lisciv|iaiicifs  were,  ^-rcatly 
ivduccd.  and    tlic   iii"li(iii  nl'   (lie   lilaiioL  \vas  tliiis   made  to 
scciiiinuly  liarmmii/.r  willi  tiial  ol'  llu'  solar  systcin  until  tlu! 
vciir  lS(»r.,  IVoiii  wincli  tiiuc  till  the  year  I  Sl'L'  the  dcparluro 
of  i!if  iiiaiH'l  iVniii  its  su]i]insi'(l  (U'liil  lit'caiuc  so  n.ai'kcd  as 
to  sii'4^(_ist  a   scaivli  for  soiiic  siilliciciit    cause  ol'  su(di  appii- 
rcutly  iinaccouutaMc  disturliaiicc.     Tlic  result  of  tliis  search 
was  ilie  discovery  i>l'  the  iilaucL  N"iiluue.     There  can  he  ho 
(pH.'stioii  as  to  the  rcsidt  hein^  hi.uhly  ei'editahle  to  the  ))ei'- 
severance  and   iudusliy  of  those   coucerueil   in    the  inves- 
tiuation;  hut.  as   to  the   precise  nature  of  the  result  in  a 
scientilie  sense,  there  is  a  '41'eat  ilixcrsily  ol' o|iinion — sfunti 
considering    it    a     ^real     astidnouii(  al     and     niatheniaticfd 
achievcnicnt,  hecause  tlie  planet  was  lonnd  in  consecpience 
ol'and  very  near  to  the  acUial  place  indicated  hy  the  calcu- 
lation ;  hut  hy  others,  viewed  as  hciuLi;  to  a  certain  extent  a 
uieri'ly   I'ortuitous   coincidence    (a    lu(l<y   clianct'),   hecause 
when  discovered  and  actually  ohserved,  the  elouu-nts  of  the 
real  ]»lanet  were  I'ound  to  dilfer  ^really  (enormously)  from 
those  which    hail    hceii  assigned    to   it    as   the  result  of  the 
hypotli(!tical  coniputatiiai.       The    accompanyiuL;'    dia:i;ram, 
FiJ,^  4  (I'l.  1),  taken    IVoui  llirsrlnl's  Oit/liins  of  yls/roiKmii/, 
shows  1hodiscre])ancv  hetween  the  theoretical  and  ohserved 
path  ol' the  ])laiiet  rranus  i'lom  the  year  I  liDd  to  ahout  IStio. 
The  actual  discovery  <>i   the  ]ilanct   Xe])tune  liavins^  con- 
linued   and    a]»parenlly    verilicd    the    comdusion    that    the 
luutiiiii  of  I'rainis,  in  its  dciiarlure  from  its  supposed  orhit, 
was  to  some  extent  allected  liy  such  source  of  local  gravi- 
tatinjf  iutluence  (i.r  was  perturhed  hy  Neptune's  attraction), 
seems  to  have  occasioned  a  ioii^etfulness  on  tlie  ])art  of 
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ilstiMliiitlHTH  i»>  In  llif  |ir('\iiiii>  IcsM'l'  lilit  yrl  \riy  (  (Piisid- 
iTiilih'  (lisriv|Piiinv  wliicli  iiail  Imcii  |iiii'tiiilly  icctHK  ilnl  liy 
the  iii,v;(Uiii>iis  Iml  sninnwlnit  vioK'iil  sii)»|t(tsitiniis  iilic^ady 
nifiitidiird.  If,  lidwcvcr,  this  inirtiiilly  ivcoiicilcd  (liscr('|i- 
iiiicy  wrvv  till'  iiiily  ri'iiiiiiiiiiiLj  ciUist' of  ddiilit ,  il  wmdd  iiol 
have  lii't'ii  sur|)ii.siii,Lj  llmt  iis(n»iioiiici'.s  should,  uiidor  ihc 
cii't'iiiiistiiiircs,  coiisidci'  ihc  ciiso,  I'or  llic  lime,  as  satisl'ar- 
torily  ('\|ihiiiu!(l,  and  ivsL  satistiiMl  aoiMtrdiiij^dy  ;  hiil  tla'i'c  is 
Hiiothor  known  (olisnvcMl)  circunistancc  bLdon,i,dn<j;  to  this 
jilanct  rraiins,  s(»  I'cniarkalih'  IVoni  its  I'xccjttional  charactci' 
as  to  fcti'cilily  su;,';,'cst  itscll'  as  an  indc|ifndcnt  reason  for  the; 
I'xercisc  of  great  caution  in  adniiltin;^-  the  newly  (hseovei'i'd 
]»lanot  (rranus)  to  bu  a  nioinlter  of  the  scdar  system.  The 
civcunistance  is  that  "the  orl»its  of  these  satellites  (the 
satellites  of  I'ranus)  oiler  veniarkahle  aial  indeed  (|nite 
unexi>(!cted  and  unexampled  )>eeuliarities.  ( 'ontniry  t(»  the. 
utda'oken  analoj^y  (»!'  tla^  whoh;  planetai'V  system — whether 
of  primaries  or  sc!(;ondaries — the  ])lanes  of  their  uri)its  kit. 
ncarlij  pcr/icnilicnhtr  Id  tlir  (c/ipfir,  heing  inclined  no  less 
than  7S°  08'  to  that  plane,  and  in  these  orbits  their  motiitns 
lire  rcfnii/riidf  ;  that  is  to  say,  their  positions,  when  pro- 
jected on  the  ecliptie,  insti'ad  of  advancing y'/o///  /'v.s/  /o  msl 
round  th(^  centre  of  their  primary,  as  is  the  ca  vith  every 
other  planet  and  satellite,  move  in  the;  ()i>p(  'irection. 

'I'heir  orbits  are  nearly  or  i[uite  circular,  ami  they  do  not 
appear  to  have  any  sensible,  or,  at  least,  any  rajjid  motion 
of  nodes,  or  to  \\:\w  undergone  any  material  change  of  incli- 
nation, in  the  course,  at  It^ast,  of  half  a  revolution  of  their 
jdmary  round  the  sun.  A\'hen  the  earth  is  in  the  plane  of 
their  (a'biis,  or  nearly  so,  their  a])parent  paths  are  straight 
lines  {)X  very  elongated  elli])ses,  in  which  I'-ase  they  become 
invisible,  tlieir  feelil(!  light  being  elfaced  liy  the  superior 
light  of  the  planet,  long  before  they  come  up  to  its  disc.  So 
that  the  oljservations  of  any  ecli])se's  (a'  occultations  they 
may  undergo  is  (|uite  out  of  the  (|uestion  with  our  i)resent 
telescojtes."  {Hcr.^clurs  (hilUnis  nj'  A-s/rDiiom//.)  The  ob- 
served facts  herein  recorded,  if  ilu;  ,sui)])ositiim  that  the 
planet  I'ranus  belongs    to  the  solar   .system  is    retained, 
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itpiKinrs  cvon  iiifnc  roiniiikulilc  iiml  cxlriioriliimvy,  when  the 

circiiiiistiiiiccs  of  llic  case   ww   siihiiiiUcd    to   u  |»iirticular 

cxaiiiiiialidii  ;  hccaiisc  (lie   facl  ol'  llic  salcllilcs  or  iiiodiis 

ri'Milviiiu  aioimd  tlic  |ilaii('t  in  a  plant'  iH'r))i!n<lii'.ulur  to  tlic 

|ilaiii'  III  tilt!  siiliU'  HV.stciii,  aliiinsl  iit't'cssitatt's  llii'  iiirtTuncc 

that,  till!  |)liiiic!t  itst'ir  iiiiisl  rolalc  mi  an  axis  parallel  to  the 

plant'  of  Uit>  solar  sysltnii,  ami  tlius.on  tlii'  .supposition  that 

rraiiiis  is  u   solai'  plani't,  wc  liavf  a  tlfpartiiri'  tVoni  wlial 

iii'.iy  lie  calli'tUtlii'  ]»lan  til'  tin-  syslcm,  fonsitk'ralily  gvciitcr 

than  (it  first  si^lit    ap]»t'ars.       Is  incchaniciil  science  snlli- 

t'iciilly  ail\a!i(C(I   as  yd   to  ilccidc,   liy  roference  to  e.\]KM'i- 

niental  ilt'inoiistiatitin  (/.  *.  llii'  h'coimI  of  rcliahle  and  unoo- 

jectionaltli!  ('X])crimi'nl),  \shethersuch  arrangement  would  he 

mechanically  ailmissihle  ;  that  is  to  say,  whether,  according 

to  the  laws  governing  mechanical  iorces,  such  arrnngenient 

would  have  the  necessary  ipiality  of  stability  :' 

The  arrangement  would  admit  of  three  forms;  namely, 
the  horizontal  axis,  on  which  the  revtilving  jilanet  rotates, 
might  have  (I)  a.  ]it)sition  at  right  angles  tt»  a  line  joining 
thei^laiiet  and  the  (centre  ol'gravitatiim)  central  hotly  of  the 
system  ;  or,  (2)  it  might  he  situatetl  tihlitpioly  to  such  a 
line  ;  tir,  (3)  one  extremity  of  ,he  axis  might  ])oint  directlv 
ttjwards  the  central  body. 
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Such  three  I'liviiis  (.!'  the  !iiT:uij.^'euient  are  indicated  in 
Fi<;-.  ").  (Xnri:.  Tlu'  a>.i.-;  oi'  the  central  l)ody  (tf  the  system, 
snpposini;'  it  tn  I'ltiad',  \■^-  uudi'isliuxl  to  l>e  jierjiendienlav  to 
llie  orhitul  plane  of  the  ]ilanet's  revolutinii.)  A^'e  do  not 
think  the  e!i.=;e  can  l>i'  ,i;illi()ritali\ely  decided  hy  refeivnee 
to  e\|ierlnient,  hut  wr  do  not  luvsitnto  to  ex])re.ss  a  strong;" 
o]»inion  that  neit]iei'  oi'  the  I'ornis  of  the  arrangement  would 
Ite  permaiifutly  stalilc  :  the  axis  of  rotation  ol"  the  planet, 
in  such  a  case,  would  more  or  h'ss  uradually  assume  a  ver- 
tical ])osition  :  tliat  is  to  say,  it  would  lieeonu;  also  perpcii- 
tlicular  to  the  orhilal  j'hine.  II',  howc\er,  we  admit  tlie 
assumption  that  the  jihinet  I'l'.nius  helongs  to  the  solar 
.system,  we  then  have  the  form  of  the  arrangement  delined 
hy  the  ohserved  f;ict  ;!s  recorded  hy  Herscdiel*  to  he  similar 
to  that  of  (1)  in  the  ligure — namely,  with  the  axis  of  the 
plauet  at  right  angles  to  a  liii^'  joining  tlie  planet  and  the 
sun.  The  difllculty  as  to  admitting  the  assumption  is 
increased  hy  taking  into  coirsideration  the  moons  or  sat-'!- 
lites  of  tlie  ])lauet,  as  sliowu  at  (d)  in  Fig.  (i  (I'l.  '2);  t':ie 
angular  velocity  of  eai  h  moon  v/ould  he  greater  than  that  of 
the  planet  when  in-<i(k'  the  oi'liihd  circle,  and  less  when 
outside   thi'   planet's   j.atli  ;   the    dilference  v.ould  lie    verv 


small,    hut    llierc    would    neccssarilv 


ttiitmil  and 
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of  revolution.  Now,  if  \v('  lake  the  assumption  that  the 
planet  l'r;i;:us  Ijclongs  tn  a  stellar  system  havin-j;  its  plane 
])evpendicular  to  tliat  of  the  solar  system,  the  same  verv 
inii)ortant  and  intiMesting  i\\f\.  ohscrvfd  and  I'ecorded  liv 
Her.schel  ((pU)ted  at  page  14;,  will  also  serve  to  iiulicate,  if 
not  to  define,  the  relalixe  po<itio!i  of  {\w  central  hody  of  the 
neighliouring  sy>tem,  \  i/.  the  sf,ii\  to  that  of  our  sun  : 
lieeause  it  is  at  once  evident  that  the  plane  of  the  plan"«'s 

•  This  is  m.'inifestly  iiKluduil  iu  tlio  stiiti'mcnt  of  tliu  •'  observr.ti.m  '■ 
already  (luotcil.  Dwing  to  tlio  great  distainc  of  Uramis  from  the  sun, 
tliu  liuo  of  vision  from  tliv  earth,  in  any  relative  po.sitions  the  moous 
can  occupy,  v,  i!!  l>e  sulistantially  (nearly)  the  mme  a.s  if  the  phinet  was 
viewed  from  the  sun:  consequently  the  recorded  observation  neces.si- 
tate>!the  iiiference  as  in  thi'  ]il,in''t  hi-in'j-  iKvsitid  a-;  shown  at  (I)  in  the 
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•  iiliit  iiiusL  {'diiicidL'  [nv  iiciii'Iy  so)  witli  ii  vcilicnl  i>liiM( 
jfiiiiinj;-  tlio  rni/ntl  s/ki'  iiud  tlio  huh;  for  if  it  docii  not, 
]t!t  it  1)0  HU])i)oH{>(l  tliiit  tlic  jtlaiK!  of  tlio  i>liuict's  revo- 
lution   in   at    ri^'lit   an^d(!s    to  tlio  vortical    iilaiu!  joining 


tl 


10    s/in 


aiK 


1    tlio    81111  :    then,    olisiM'vatioii   would  sliow 


tlio  |)laiK't's  niooiiH  rovolviii^f  as  at  (li)  Vh^.  0  (I'l.  'J),  wlieroas 
tlio  fa<l  is  locordod  to  ]n\  as  at  (a)  in  tlio  saino  fi<,Miro  ;* 
and  similarly  tlio  sujiposition  of  inoro  than  ii  slij^dit  do- 
viatioii  (/.  '■.  a  iiKHlorato  doyrco  of  ol(lii|uity)  from  tlio 
]»laiio  joinin^u;  tiu!  s/<(i'  and  tlio  /tint,  may  bo  at  onco 
negativod.  Tlio  ([uostioii  is  tlioroforo  reduced  to  (I)  wliotlior 
tlio  [ilaco  of  tlio  xfi'r  is  vertically  above  or  beneath  the 
vertical  axis  of  the  sun  ;  or,  (2)  whether  it  is  abovi;  or 
bolow  the  e(|uatorial  plane  of  the  sun  ;  ov,  ('5)  whether  the 
place  of  the  s/*^./'  is  in  tlu?  oipiatorial  j)lane  of  the  sun.  The 
(1)  case  it  is  not  necessary  to  consider,  as  such  a  suppo- 
sition is  clearly  inadniissi])le  ;  but  to  decide  astronomically 
between  the  (2)  and  (•">) — that  is,  whether  the  ]tlace  of  the 
star  is  above,  below,  or  in  the  e(|uatorial  plane  of  the  sun — 
will  [trobably  requin;  further  careful  oliservation  of  the, 
]ilanet.  The  observations  already  recorded  seem,  however, 
t(»  sup])ort  the  sup])osition  that  the  ])lace  is  considerably 
above  the  eijuatorial  plane  of  the  sun,  as  sIkiwii  in  the 
illustrations,  plates  4  and  "j ;  the  conclusion  that  such  is  the 
true  locality  of  the  s/ar  will  be  somewhat  strenj-thened  by 
includinj,'  tla;  circumstances  nt  present  ascertained  of  the 
still  more  recently  discovered  and  less  known  planet 
Xcji/inir. 

Taking'  tlu;  assum])tion  that  rraiius  Iielon,L;s  to  a  neigh- 
bouring stellar  system,  the  prol)ability  is  at  once  sug- 
gested that  Nei)tuiie  is  another  member  of  the  .same  system, 
iiml  at  a  less  distance  from  the  central  body.-f-     The  few 

*  TIk^  mcaiiinfi  intondod,  an  to  the  relative  positions,  may  bedefincc! 
)iy  statins  tiiat  the  vcrticn!  plane  joining  the  sun  and  star  coincides 
with  the  e(jiiatorial  plane  ol'  the  star, 

t  On  the  assumption  that  rmniix  and  iVejdune  belong  to  the  solar 
system,  the  orbital  distance  between  Merciiri/  and  Neptune  should  be, 
according  to  Bodc's  law,  twice  that  between  Mercury  and  Uranus.  It  is 
now  estimated,  from  observation,  only  to  exceed  the  latter  by  a  little 
more  than  half  the  distance. 
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(il)S(MV!iti(iMS  MS  yt'l  '•(•(■(inu'll  <il'  lliis  |ilaiu't  ciiiiiKit  bo  coii- 
sidoictl,  (111  Ht'ciniiit  III'  tlic  L,n<'iit  (lisliiiico  of  the  phuu't  iiiid 
(lillicuhics  (if  (ilisci\  iiiL,'  it,  as  very  ivliable ;  two  niodii.s  aro 
roporti'il,  111'  wliicli  i>ur  lias  •■  ,m  (ultit  "  -  accdnliii*,'  to  Mr. 
t)Uo  Stnivc. — "  iinliiicil  lo  the  ecliptic  at  tho  consiilci'altU) 
allele  "f  :!,";■  ;  lull  wlictlicr.  as  in  tlie  case,  of  tlu^  satcllitos  of 
I'laiuis,  ilic  (lircctimi  ol  it^  inotidii  ho  rctrourado,  it  is  not 
|)ussiltK^  til  say  until  it  sliall  have  hei'ii  lonjjjer  ohscrved." 
Now,  an  ani;lc  <>\'  '•'>'>'  dillcrs  cnnsidcrahly  from  jterpondic- 
tdarity  ;  hut,  cwm  if  adiuittiiiu'  the  correctness  of  tlie 
(iltsorvatiiin,  \vc  must  rcnicndicr  it  was  made  on  an  assump- 
tion (jirejudice)  that  the  earth  and  the  planet  were  in  tho 
same  or  nearly  in  the  same  ]ilane  ;  wliereas,  if  we  assume 
Neptune  tn  heliin;4-  to  (ho  neiL;hhiiuriii;,'  stellar  .system,  that 
planet  would  prnhalily  he  consideraMy  ahove  the  ]>lane  of 
tho  caitlis  mhit,  and  i(iiisei|Uently  (as  hefore  shown  in 
rc<;ard  to  the  snlar  spnis,  Suppt.  A,  \k\'j,v.  .11)  an  erroneous 
infei'ence  as  tn  the  nliliquity  nf  tht^  satellites'  plane  of 
revolutidU  WMuld  he  ipccasimied.  See  the  aecompanyinj,' 
tigure  (I'i,'-,'.  1  ■,  where  the  lower  hody  K  may  he  considered 
to  reoresent  the  I'atlh. 


Summiii;^  up  the  <  uii.-ideration  nf  tin"  ca.se,  we  conclude 
(1)  that  the  planets  I 'minis  and  yrpfinir  are  not  solar 
jilanets  helouu'iu.u  to  our  system,  Init  that  they  arc  stellar 
planets  helou'^in-  to  a  uei'^ldiourin^  system  which  has  its 
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})lanes  of  revolution  ]H'rpeiuli(MiliU'  to  tlioso  oC  the  solai' 
system;    (2)  that  (lie    (ceiilral)    slur  round    wlii.'li    tliosc; 
planets  revolve  is  very  jM'ohahly  ahovc  ilic  ('(|Uiit(iria]  ](laue 
(•I'lMir  sun  ;  and  (;;)  that  llie  dislanee  of  thesAz/'iVoui  the  sun 
may  ])e  rouj-'hly  estimated  (hy  addin.L:  the  distance  of  tlie 
jtlanet  Saturn  to  that  ot  I'nuiiis,  S',MI+ 1M()(I=2(.1'.)()  niilliou 
miles)  at  about  .".OOO  million   miles.     (Sec  Plates  4  and  .10 
The  assumi)tion  that  masses  of  mallei'.  revulviiiL;-  around 
centres  of  «.fravitatin,n'  inilucucc  in  (lie  iici.uldiourhodd  of,l)ul 
not  helonj^nny- to  the  solar  system,  may  a]ii>r(iach  sulliciently 
near  to  he  visihle  from  the  eailh.  will  ju'rhaps  enalile  us  to 
nnderstand  and  _ni\c  a  rcasmialile  explanation  of  some  of 
tliose  observed  facts  of  astninomy,  which  at  present  occu]»y 
the  position  of  mechanical  clfects  ai.jiarcntly  -^^overned  and 
re^'ulated  by  laws  uidcnown  to  ui'  unrecognised  liy  mechan- 
ical science.     We  alliule  more   particularly   to  those  very 
various  bodies   at    jm'.sent  ^nmujied    and   classed   tn^cther 
■  under  the  name  mmt.     Plate  C.  (fn.m  tlie  A'/zr//,'.  Jirilt'u) 
is  an   exanii)le  of  the   illustrations   ^iven   at    tlu'    present 
time  in  astronomical  works,  of  the  sup])osed  orbital  revo- 
lution of  a  comet  around  the  sun.     In  some  cases  the  <ubilal 
))ath  is  considered  to  b(>  an  ellipse  of  extrcnu'  eccentricity  ; 
in  other  cases,  a  i)aral)ola  ;  or,  a  hyjierbola.     The  objection 
to  this  teachiuL!;  seems  to  have  been  overlooked  that  it  is 
inadmissible  in  a  scientitic  sense,  because  contrary  to  the 
law  of  gravitation  ;   a   law    whicli    is   recognised   both   by 
astnniomical    and    mechanical    science.     In    Fi^-.    7,    the 
body  C,  to  the  north-east  of  the  sun,  is  moviui;-  with  an 
increasing  velocity  in  the  direction   P.D.     The  .uravitatin,;,' 
induenceof  the  sun  is  supjioscd,  at  this  place  in  the  conu't's 
orbit,  to  e.Kceed  the  ccntril'm;al  force,  causing  it  to  i;ravit;'.le 
towards  and  aj)i)roach  tlii'  sun.     Since  the  approach  is  very 
considerable  in  extent  and  rapid,  so  is  the  increase  in  tin- 
velocity  pro])ortionately   ,ureat,  and  when    the   comet    has 
arrived  (/.(.supposed  to  haxc  arrivcil)  at  its  perihelion  P,  it 
is  moviu;.f   with   enormous   velocity   past   the   sun    in   the 
direction  Di'];  for  a  certain  short  distance,  it  i)roct'e(ls  in  a 
curve  not  dilferiuL;  very  much  from  the  aiv  of  a  circle,  but 
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then,  iiotwitlistauding  tlmt  it  is  su]i])(i.'!cil  tw  In-  i'()in]»:ira- 
tively  very  near  tlie  sun  iiml  unilcr  tlic  inliuenee  nl'  an 
enormous  attractive  force,  it  sudtlenly  efasi-s  altoj^'ether  ti» 
obey  this  force,  and  proceeds  in  the  direction  V.V,  as  shown 
in  till'  li,i^'ure,  without  any  further  ret^ard  In  tlie  central  <,n'!i- 
vitatin;^  infhience,      Ff  tlie  Iiody  is  material  and  vuliji-ct  tn 


/\ 


the  recoc^'uised  law.^  ^wverninj^'  matter  when  nioviu'.^  IVoni  J'. 
towards  J),  and  if,  even  after  passinij  its  jierihi'lion,  it  still 
I'ctains  its  material  nature  and  reco^^nises  the  inlluence  ot 
.'gravitation  until  'neyond  \],  huw  is  it  U)  he  admitted  thai 
its  suhjectinn  tn  the  laws  ,,[  matter  eau  lie  s\iddenly 
ahro^'ated  '.  We  cannot  admit  a  su|i[)osition  thai  any 
material  mass,  havin;^  once  hecome  suhject  ti>  the  .sun  as 
the  central  .i^ravitatin;^  iidluence  <j;overnin^  its  motinn,  am! 
thus  licloniiinn'  to  the  solar  system,  can  suddenly  throw 
"If  its  allegiance  and  withdraw  from  the  sun's  eonlnillin;- 
I'Dwei'  into  space,  or  In  visit  some  other  system  in  a  simil!\rly 
caprii'idu^  manner.     If  we  assume  the  hnilv  (<(imel'  tn  ha\(' 
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iivrivcd  nl  the  jilucc  (P)  shown  in  tlio  ih^mv,  nearest  the 
sun  (without  trouldin;;'  ourselves  to  explain  how  it  <j;ot 
there),  iiinl  to  lie  niovinj4-  jKVSt  the  sun  with  such  enormous 
velocity  tluit  tlu;  centrirugiil  force  (levelo])e(l  is  more  thim 
sulhcient  to  counterlti'lanci!  the  enormous  attractive  force  of 
tli((  sun,  at  so  short  a  distance  ;  then  the  inference  will  lie 
sound  that  the  comet  must  recede  from  the  sun  ;  and  fur- 
thiu',  if  the  law  of  ^'ravitation  is  interpreted  according  to  ihe 
Newtonian  theory — i.i.  tiuit  the  attractive  force  varies 
inversely  as  the  scpuire  of  the  distance — then  it  also  follows 
that  the  recession,  having  commenced,  will  continue  inde- 
linitely  ;  liecause  the  protmriion  of  ilie  attractive  force  to  the 
centrifugal  force  will  (according  to  that  theory)  ccmtiinially 
lessen  as  the  distance  increases  ;  hut  even  in  such  a  case 
the  recession  coidd  only  take  place  in  a  curve  with  a 
continually  increasing  radius,  as  shown  in  J'"ig.  :!,  and  the 
[)ath  ol'  till'  receding  hody  would  have  the  form  of  a  s])iral 
curve  jontiuunlly  increasing  outwards  fr(.im  the  sun  as  tin 
cent  IV. 


i  ■  i^i 


I'vcviou.  ly  to  exiilnining  the  ri'al  character  of  the  comet- 
ny  mot  inn-,  it  will  he  jiropcv  to  examine  the  (|U»'stion  as 
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to  the  rcilalivc  distiiiifcs  of  tin;  visiliUf  .stars.  In  I'laUi  ."> 
(Sui)]»t.  A),  tlir  illustration  ])lainly  sliows,  tliat  assuniiii.L;- 
tlio  ])ole  star,  for  inslanci',  to  lie  at  a  niucli  less  (lislaiicc 
than  is  attriUutuil  t(t  it  Uy  astriuioiucis  iit  tiic  im'scnt  lime, 
the  orbital  niovunicnt  ol"  the  carlli  wouM  not  siillicc  (o  niucli 
altiM'  tlu'  a]i]tar('nlly  rclalivc  ]ilacc  of  tlic  slar.  To  an 
oliscrvcr  Yiowiiii;'  it  from  tlio  i-aith,  it  wotilil  appfar  almost 
(lirwtly  over  tlu;  ^(tlc — in  ^vhatl'\•^'r  ]iart  (»!'  [hv  orliit  tho 
earth's  i)lace  might  he  at  tiie  time  of  the  o'oservaticdi.  Ami 
further,  it  will  Ite  found  that  if  the  assumed  distance  of  the 
star  bo  a<4ain  diminished,  and  taken  at  (let  us  say)  one  half 
the  distance  shown  in  that  illustration,  tiie  difference  to  the 
terrestrial  ob.-ierver  would  still  be  didieult  to  detect  without 
some  object  haviuLj  a  relatively  fixed  ])osition  t(»  compare 
with  ;  for  exani])k!  (assumini!;  the  axes  of  the  earth  and  sun 
to  be  both  ])er])endicular  to  the  plain;  of  revolution),  if  the 
star  was  directly  over  the  poK;  of  the  sun,  it  would  be 
extremely  difficult,  even  if  the  di.stauce  of  the  star  wug  very 
nmch  le.ss  than  is  sui)posed,  to  detect  any  dillerence  ;  on 
the  other  hand,  if  the  star  was  directly  over  the  pole  of  the 
earth,  a  point  could  then  be;  found  liy  comparison  with  a 
number  of  the  (so  called)  lixed  stars,  which  would  ,be  rela- 
tively motionless  and  around  which  the  earth's  pole  star 
Id  appear  to  revolve  in  a  sm;dl  circle — the  direction  of 
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api)arent  revolution  of  the  star;  and  this  eifect  would  .still 
be  es.-  ntially  the  same  even  if  the  distance  was  very  grt'at, 
and  indeed  ,ho  hjng  as  the  star  remained  visible  ;  oidy  tiiat, 
the  g'reater  the  distance  of  the  star  IVnm  the  eailh,  tlu;  less 
wouhl  ill!  the  diameter  of  the  circle  in  wliich  tla;  earth's 
pole  star  would  a])pear  to  revolve  around  tlie  jtoint  i'e]ire- 
sentinjf  the  pole  of  the  sun  (or  ecliptic) ;  and  if  the  distance 
was  extremely  s^Mcat,  so  would  the  apparent  circle  of  I'evo- 
lutioii  In;  very  small.  The  ai)]iarent  motion  nr  cliani^e  in 
the  a])parent  position  of  the  jiole  sta'',  since  it  woidd  result 
from  a  change  in  the  observer's  actual  position,  M'ould  be 
astronomically  termed   the  eil'ect  of  "  ]parallax  ;  "*    and  as 

•  rarallivxinay  be  cither  fliurnal  or  .'iiimial ;  in  llir  diio,  tlic  dijuncd'r, 
nr  imil  of  till'  ili.ainotrr,  fif  tlic  <!ivlii  ;  in  iln-  oIIh  r,  tlic  diiuni'ti'r  of  llic 
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the  (listiincc.  dl'  till'  ciirlli  IVniii  tlio  sun  is  (appnixiiiKitely) 
known  (iviid  tlufrdorc  Llit;  diiuiu'tor  (»!'  tlu;  ciutli'.s  orl>it),  tlio 
(listiiiu'c,  of  till'  slur  IVdiu  IIk;  sun   (or  uarlli)  cnuM  \n>  tlais 
nieiiHiircd   liy  piirallax.     HaAi;  the  (listan(i.'.s  of  tlic  various 
stars   liet'ii   thus  asccrtaiiicfl    Iiy   jiarallax  '.     The  ([ucstioti 
will  ill!  answered  hy  the  l'ollowill^  (,'xtnict  from 
Jfirsrlir/'.-i  OnHiiifH  of  Asfi-oiKinif/,  ])a<^e  TmSI  : 
(SOd.)  "  The  tlianu'ter  of  the  earth  has  served  us  for  the 
haso  of  a  trian_i,de,  in  the  frif/nnoinrfrlml  tuivvrij  of  our  sys- 
tem (art.  -74),  hy  which   to   ealeulato  the  distance  of  the 
sun  ;  Init  the  extreme  minuteness  of  the  sun's  parallax  (art. 
27"))  is  so  delicate,  that  nothing'  hut   the  fortunate  comhi- 
nation  of  lavourahle  circumstances  afforded  hy  the  transits 
of  Venus  (art.  470)  could   render  iis  results  even  tolerahly 
worthy  of  reliance.     lUit  tlu!  earth's  diameter  is  too  small  a 
Itase  for  direct  triaiiLtulation  to  tlu!  veri.,'0  even  of  our  (»wn 
system  (art.  "»2ti),  and  we  ai'e,  therefore,  ohliLred  to  suhsti- 
tute  the  (iniuial  pdi'iiUm:  for  the  diurnal,  or,  which  comes 
to  the  same  thin;^',  to  <,M'ound  our  calculation  on  the  lelative 
velocities  of  tlu;  ea'lh  and  planets  in  their  orhits  (art.  4.Slj), 
when  w((  would  ])ush  our  trian;j;ulation  to  that  extent.     It 
might  he  naturally  enou!j;h  expected  that  Ity  this  enlar<,'e- 
ment  of  our  ha.se  to  the  vast  diameter  of  the  earth's  orhit, 
the  next  stei>  in  our  su.vey  (art.  27o)  would  he  made  at  a 
fjreat  advanta;^'e; — that  our  change  of  station,  from  side  to 
side  of  it,  woidd  produce  a  considerahlc  and  easily  measur- 
ahle  amount  tii'  annual  i)aralla.v  in  the  stars,  and  that  by  its 
means  we  should  come  to  a  knowled;j;e  of  their  distance. 
Hut,   after   exhaustiiii;'   c\ery   relinement   (tf    ohservatif>n, 
astronomers  were,  u])  to  a  very  late  period,  unahle  to  come 
to  any  positive  and  coincident  conclusion  upon  this  head  ; 
and  the  amount  of  such  ]»arallax,  even  for  tlu;  nearest  iixed 
star  (ixamined  with  tlu;  rci|uisite  attention,  remained  mixed 
up  with  and  concealed  among-  the  errors  incidental  to  all 

orbiml  circle  of  tlie  oiirth's  revolution  i.s  the  mcagiircil  base  of  tlic 
triangle.  The  general  ('.xpre-ssioii  "  paraiia.x  '  is  well  defined  in  Laril- 
ner't  Astronomy  as  "  the  apparent  displacement  of  any  object  seen  at  a 
distance,  due  to  a  change  of  position  (place)  of  the  observer," 
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iistntiininicMl  il(itci'iiiin;itii»ii'<.  Tiif  imIihv  of  tiicsc  riniis 
liiis  lit'cn  cxitliiiiicil  ill  (he  ciiilicr  piirt  ol'  this  wtnk,  iiiid  \\v 
iiei'd  iKit  rciuiiid  lln-  nailer  of  the  (lilliniltit's  wliicli  miisL 
neco.ssiirily  iittciul  tin'  iitt('iii]tl  to  (lisciitiuii^lc  an  cldiiu'iit 
lint  cxccciliiii;  a  lew  iciitlis  nf  a.  sccdiid,  or  at  iiiosi  a  w  hole 
sccoimI,  IVoiii  tlu!  liost  of  iiiircrliiintics  entailed  on  the  results 
of  oltstM'vatioiis  liytheiii:  none  of  them  individually,  per- 
lia]H,  of  ;^'reat  nia.unitude,  hut  eniharrassiiiL!:  hy  their  niiiiiher 
and  lluetuatin},'  aniount.  Nevertheless,  liy  siiert'ssive  i(  line- 
nieiits  in  instriinu'iit-niakiiiu'.  !iiid  h\  constantly  )»roj;ri'ssiv(! 
apjn'oxiniatioii  lo  the  »'\aei  knowlnl^c  nf  the  rraiio- 
^'liiphical  eorreetions.  that  assuraiiic  hail  heeii  oiilaiiied, 
even  in  the  earlier  years  nf  the  present  century,  viz.,  that 
no  star  visible  in  iiorthern  lalitudes,  to  which  attention  had 
hcon  direetod,  iiianifested  an  aiiioiiiil  of  ]iarallaN  exccediiiu' 
n  sinj^lo  socoiid  of  arc  It  is  worth  while  to  pause  for  a 
moment  to  consider  what  cmicliisiiPiis  wniild  I'ollow  ficui 
the  admission  of  a  ])arallax  to  this  amount.' 

(801.)  "  Jladiiis  is  to  the  sine  of  I"  as  l^i»(;2(;.'.  to  1.  In 
this  jiroportioii  then  at  least  nnist  the  distance  of  the  iixed 
stars  from  tlu;  sun  exceed  that  of  the  sun  from  tin-  earth. 
A;,'aiii,  the  l:!"->r  distance,  as  we  ha\e  alieadv  seen  (art. 
;}.')7),  e." '.coils  me  earth's  radius  in  the  proportion  of  L'il'.i.Sl 
to  I  Takiii}.',  tlicrtifore,  the  earth's  radius  fur  unity,  a 
]iarallax  of  I"  su])])o.ses  a  distance  of  41l47<'"''.'7ti(>,  or  lu'aiiy 
live  thousand  millions  of  such  uni!^;  and  lastly,  to  de.scend 
to  ordinary  standards,  since  the  earth's  radius  may  lie  taken 
at  4000  of  our  miles,  we  lind  r,»7SS2;!'.t04O0()(),  ^r  alioiil 
twenty  billions  of  miles  for  mir  resulting;-  distance." 

(.S02.)  "  In  such  iiumtiers  the  imaj^'inalion  is  lost.  The 
only  mode  we  have  of  concL'ivinu  siu-h  intervals  at  all  is  by 
the  time  ■wliieh  it  would  ir(|iiire  fur  li.L'ht  to  traverse  thiin. 
(See  note  ^,  at  the  end  of  this  chapter,  for  a  more,'  familiar 
illustration.)  I.i^ht,  as  \  '■  know  (art.  ~>-\'>),  travels  at  the 
rate  of  a  semidiaiiieter  ol'  the  earili'.- oilijt  in  S'  1.1  ;!.  h 
would,  therefore,  occupy  20(iL'( I.")  times  thi.>  iiilnval,  or  '■'< 
years  and  S;>  days,  to  traverse  the  distance  in  i|Ui'stioii. 
Xow,  as  this  is  an  inferior  limit  \'.  hich  it    i  -  idreadv  ascci- 
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tiiincd  that  ovcii  tlio  hrij^'litcst  and  therclnrc"  |mthiil>ly  tlic 
lUiiirest  stars  oxcood,  what  arc  wo  to  allow  for  tho  distaiicu 
of  thoso  iiiiiuiiieval)l(!  stars  of  tho  sinallcv  inaj^'iiitudcs  which 
thi3  tuloscopc  discloses  to  us  !  What  for  the  diiiiensious  of 
the  .ualaxy  in  whose  remoter  rcj,Mons,  as  we  have  seen,  the 
united  lustre  of  myriads  of  stars  is  perceptible  only  in  i)ow- 
erfid  teles('opes  as  ii  feehle  nehulous  yleam  !" 

((S()3.)  "  The  space-penetratin^f  ])ower  of  a  telescope,  or 
the  c  >mparative  distance  to  which  a  ^iven  star  would 
n!(|uire  to  be  removed  in  order  tliat  it  may  ap]>ear  of  the 
same  brij^htness  in  ilw  telescope  as  before  to  the  naked  eye, 
may  be  calculated  from  the  aperture  of  the  telescope  com- 
pared with  that  of  the  pupil  of  the  eye,  and  from  its  rellect- 
iiij4  or  transmittint,'  ])ower,  ir.  the  proportion  of  tho  incident 
lij^'ht  it  convey.s  to  the  observer's  eye.  Thus  it  has  been 
coiuputf'tl  that  th(»  s])ac(!-])enetratin^'  ])ower  of  such  a  rellec- 
tor  as  that  used  in  the  star-^au^^es  al)ove  referred  to  is 
expressed  by  tho  number  7").  A  star,  then,  of  the  sixth 
ma;j;nitu(Ie  removed  to  7")  times  the  distance  would  still  be 
l)ercei)tible  m  a  sf.iir  with  that  instrument,  and  admittiiij^ 
such  ii  star  to  have  lOUth  ])art  of  the  li^'ht  of  a  standard 
star  of  the  lirat  miij^nitude,  it  Viill  follow  that  such  a  stand- 
ard star,  if  ri'iuovt'd  to  7"»t>  times  its  distance,  woidd  excite 
in  the  eye,  when  viewed  throu;;h  tiie  ;.'au[rinL,'  telescope,  the 
same  impression  as  a  star  of  the  sixth  magnitude  does  to 
the  naked  eye.  Amon^'  the  inliuite  nndtituile  of  such  stars 
in  the  remoter  rej^ions  of  the  j^alnxy,  it  is  but  fnir  to  con- 
clude that  iiniumcrablc  iudividiinls,  e([U,d  in  intrinsic,  ])ri},'lit- 
ncss  to  tiiost!  wliit;ii  immeiliiitcly  surround  us,  must  i!xist. 
The  li.ulit  if  such  stiirs,  then,  nmst  have  occujtii'd  ii))wards 
of  200()  years  in  travelling,'  over  the  distance  which  sejui- 
rates  them  from  our  own  system.  It  follows,  tluni,  tiiat 
wlien  we  <>l>serv(!  the  places  and  note  the  appearances  of 
such  stars,  we  are  only  readiui;  tlieir  history  of  two  thousand 
years  anterior  diite,  thus  wondeil'idly  rei'drdeil.  W(!  ciuniot 
escn]H'  this  coiulusion  but  by  adoptin;;  as  an  altc  rnativi!  iin 
intrinsic  inferiority  of  li<^ht  in  nil  the  smaller  stars  df  the 
galaxy.     We  shall  be  bettor  able  to  eatiuiatc  the  probability 
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of  this  nltoniativo  wlu'ii  uc  Iiavc  iiuulc  iiii|uaiiii:im  ••  witli 
other  si'lorial  systems  wlmse  existciirf  tin*  ti'I('S(ci|)c  dis- 
closes to  us,  ami  whose  iiiiJilouv  will  salisly  ih;  tlial  I  lie 
view  of  the  snl)j»'i't  Iutc  (akcii  is  in  prrrrct  liariiMiiiy  uilli 
tlie  m'lieral  (eiior  ol"  astroiKtmic  al  I'acts." 

(iS()4.)  "  Ilitherlo  we  have  sjmUcii  nf  a  parallax  ol'  1  "  as  a 
mere  limit  below  which  that  nf  aii\  -^lar  yd  csaiiiiiicil 
assuredly,  or  at  least  very  jtrohahly  falls,  and  il  i-  n<>l  w  itli- 
oul  a.  certain  cnnvrnieiicc  tn  repaid  this  animint  <<\  |iaralla\ 
as  a  sort  of  unit  of  icrciriici',  which,  connrclcd  in  the 
reader's  reeojlei^tion  with  a  parallaclic  nint  oldistancc  IVoni 
onr  system  of  I'll  liillions  of  miles,  and  with  a  .". |  \rars' 
journey  of  li,i,dit,  may  savi'  him  the  tronlilc  of  uch  calcu- 
lations, an<l  ourselves  the  necessity  of  coverinu  our  |ia;,'es 
with  such  enormous  niimliers,  when  speakiie^  of  stars  whose 
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to  certainty,  eilliei'  liy  diri'ci  meridian  olisarvatioii  or  hy 
iiKue  refineil  and  delicate  metlmds.  'I'liese  we  shall  jnoceed 
to  e\|ilain,  after  first  I'tiintin'^Mint  tiie  theoretical  |ieculii'.r- 
ities  which  enahle  irs  to  separate  and  iliseiitaiiide  its  elfecis 
from  those  of  the  rrano-^ia|.!iiial  collections,  ami  linin 
other  causes  of  error  w  hit  h,  lieiii.'  periodical  in  their  iialiire, 
add  .icreatly  to  the  diiricnll\  of  the  siilpjeci.  Tin'  illci  is  ol 
precession  and  proper  motion  (see  art.  S.'iiM,  wlm  h  ,iie  iini- 
htrnily  pro;^fressiv"  from  y»'ar  to  year,  and  thai  ol  niilalion 
which    runs   throiiijjh    its   jieiiod   in    niiieiccn    \eai^,    il    i> 
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eliaracders  from  that  of  parallax  ;  anil,  I  em.;  known  wiih 
very  eroat  ])reeisioii,  and  IteiiiL;  certaiiiK  indepeiideiil,  as 
re;,'arils  their  causes,  of  any  indi\itlual  peculiarity  in  the 
stars  alVeeted  hy  them,  whatever  small  iiiiceilainl  v  may 
remain  respecliii'4  the  niinierical  element->  which  enter  into 
their  computation  'or  in  mathematical  lan;,'uai,'e  their  m- 
i/fincvfx),  ean  ,!j;ive  rise  to  no  emharrassment.  With  rei^ard 
to  alierrati  111,  the  case  is  matcriidh-  ilitl'civnt.  This  cor- 
rection alfects  tlu!  place  of  a  >lai' li\  a  Unci  iMlioii,  aiimial  in 
its  periotl,  <iii(l  theri'lore,  so  far,  ai,'ieeinL;  with  parallax.  Il 
is  also  vi'ry  similar  in  the  A//.- of  its  \ari:'tioii  at   dilfcreni. 
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.".Pasons  (if  till'  yt'iir,  ii;imll;i\  li;iviii^  lor  its  ujk'X  (sec  ail. 
:I4;!,  :{t  I)  llif  aiiiiainiL  place  u\'  tlif  sun  in  llic  ecliptic,  ami 
aKeiialidii,  a  jxiiiil  in  the  same  ureal  circle  110'  lieiiiiid  thai 
place,  so  liial  in  I'acI  tlir  ruriiiiil;!'  ol'  ciilculaliuii  (the  cti- 
ellicielits  exceptcili  aiv  I  he  ,  aiiie  i'ny  Itutli,  siilistituling  tilily 
I'lir  the  sun's  liiliL;iliiil>'  in  the  expressinn  Inr  the  line,  that 
lunvitiitle  tliniinished  hy  '.mi  |(,r  the  niiier.  Mnieovor,  in 
the  alisence  n\  nli-n,}  nha  ,  In  i  ill  i/  respecliuL;  the  nature  of  the 
pr(ipa.i,Mliiin  nl'  li^ht,  asliniinniers  ha\e  hillu'ito  cunsiiloied 
it  neei'.s.sary  tn  a.'-siinie  at  least  as  a  jMWsihility  that  the 
veliicity  of  li;4ht  may  lie  h>  some  ,slii,'lit  aiininnt  tlepeiiilciit 
(111  individual  p<'(  iiliaiilii"-  in  the  liu(|y  emittin.LT  it."* 

(.S(l."i.)  "  if  We  suppti-.e  a  line  drawn  IViiiii  the  siai'  tn  the 
earth  at  all  seasitns  id'  the  year,  il  is  evident  thai  'his  line 
W  ill  sweeji  ii\er  the  suiface  ii|'  all  exceedinulv  acille  nlilinue 
cdiie,  lia\  iu'^  I'nr  il-;  axis  the  line  jtiinin^  the  sui:  and  stai, 
and  I'lir  its  lia>e  the  earth's  annual  mhit,  which,  lnr  the 
present  piiipi-e,  w c  nia\  iippn'-e  ciiculai'.  The  star  will 
llu'rernre  appeal  ('•  dcscril'C  c.ich  \eai  al  'Hil  ils  mean  plact^ 
n';.,'aitleil  as  lixed,  and  in  sir'ne  of  parallax  ahiiie,  a  minute 
ellipse,  the  seeliitn  nl'  this  i  .me  li\  the  surface  ol'  the  ceh's- 
lial  s]ihere,  peiiteiidiciilai  In  the  visual  lay.  Ihit  there  is 
alsK  anntliei  way  in  which  the  same  Tact  may  he  icpre- 
seillcd.  The  apparent  (ii'liil  III' the  stal  aliiiul  its  nie.ni  place 
as  a  ceiilic,  will  he  pit  ci,-ely  that  which  it  wmild  appear  to 
de.serilie  it  seen  lr"iii  llie  .siin,  su|iposinu  il  really  revolved 
altonl  that  place  in  a  (  iivle  exactly  eipial  to  the  earth'.s 
annual  oiliil,  in  a  jilaiie  paralhd  to  the  ecliptic.  Thi.-^  i.s 
evident  from  the  equality  and  paralleli-^m  ol'  the  lines  and 
ilirectidUs  cnni  cllicd.  Xuw  ,  the  eU'ecl  nl'  alienation  (disre- 
<4i»rdinii  the  slight  \arialiiai  ol  the  cailh's  velocity  in 
diU'ereiil  palls  iil'  it-  ml.ii)  is  prei'isels  similar  in  law,  and 
dilleis  Olds    in   aiiiniinl,  and   in    W-^   heaiiii'^   reriTeiice  to  a 

•"In  till'  111  liiiil  sinli' III'  iistioiKHii)  iiiid  |ilnii(>loK.v,  this  luTi'Msity 
I  ,'iM  Imnll)  III'  ciiiisiilcKMl  tw  Ktill  I  xislinHiinul  it  ii*  ih  siralilc,  tlnn  tmi', 
that  (III-  |ii(K'(lru  oraNtr'iiiiiiiii'iH  of  iiilroilin  iiiKint  iiiiliiiDwii  cDi'ivitioii 
lot  till  riiiistmit  iif  ali<ri.ilii«n  iiitu  llnir  iM|iiatii>iiN  of  ronilition  lur  thf 
ili'ti'i'tniiiatinii  ol  parallHX,  slmulil  U-  ili.sii.siil,  hIiu  r  it  m  liially  Ii'ImIm  to 
iiiliiMhin'  iTiiii  iiilii  till  I'liial  ii'Miilt," 


m^m^ 


^ 


28 


PARALLAX. 


,.  ,h 


iliroctiou  iUr  dilVciviit  iii  loiiLjiUuli'.  Sniipdsc,  in  itnlci  Id 
lix  our  iili^fis,  the  iimxiinuiii  of  pariilhiK  t(»  !i(^  1"  aiid  tli;it  ol 
nluiiTation  2(>r>",  and  U-t  AV>,  ah,  he  two  finlcs  iinnj,fiiu'd 
to  bo  do.scribi'd  sriiarati'ly,  as  al»ovi',  by  tlio  .star  ultoiit  its 
mean  jilacc  S,  in  virtue  (»!"  tlicsc  two  canses  ri'spoctivcly, 
S^"  luMni;  a  line  parallel  to  that  of  tlie  line  of  equinoxeM. 
Then  il",  in  virtiio  (•!'  parallax  alone,  the  star  would  ))e  I'ound 
at  (I,  in  the  smaller  orbit,  il  would,  in  virttie  ol'  aboiTulion 
alone,  In-  found  at  A  in  tlr  laruer,  the  an^dc,  «SA,  Ixunj,' 
a  riijht  anijle.  Drawini^  then  A(J  ('(pial  and  parallel  to  Sa, 
and  joiiiin;.;  SC,  it  will,  in  virtiu'  of  both  simultaneously,  be 


I'onnil  in  ('— /.  c  in  the  ciroumference  of  a  cirele  whose 
radius  is  SC,  and  at  a  jioint  in  that  circle  in  advance  of  A, 
the  abenatioiial  jila.e,  by  the  an;.;le  ASC.  Xow,  since 
SA  :  Af  :  :  L»(t'."  :  1,  we  lind,  lor  the  anule  ASC,  2  47'  "..V  ; 
and  for  the  lenj^tli  of  llic  radius  ^{\  oj'  tlii'  circle  represent- 
iii;^  the  compound  luolinu  L'd'r.L'l.  The  difcivnce  ((•".()21) 
between  this  and  SC,  the  radius  ol'  the  idiciration  circle,  is 
([uite  imjierceptible,  and  even  supposinc^  a  ([uanlily  so 
minute  t(»  b(!  ca[)able  uf  detection  by  a  prolon;.;'ed  series  of 
observations,  it  would  remain  a  <[Uestiou  whether  it  weic 
produced  by  paralla:.  or  by  a  specih(  did'erence.  of  aberi'ation 
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tjlerefore,  lo    the   dilfcll'lice  of  L'     bS'    between    the   an-'ular 
ilualion  of  tlic  di' jilarcd    lar  in  Ihi':  hvpof hetical  orbit,  i.r. 
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ill  the  (ir;i!'hti',itii  (;is  llicy  arc  calli'tl)  nl'  tlir  jniiit  (nrii'itioii 
C'SC)  ami  dial  of  alu'rralictii  aloiu'  (^S.\\  dial  v  v  have  to 
louk  I'lr  tlif  vt'siilulitMi  111'  the  |inililciii  ''  |  ,iall.i\.  Tlir 
ivailcr  may  easily  liLiiiri'  lo  liiiiHcIl'  the  il.liiacy  nl'  an 
ciiipiiiy  wliicli  turns  wlidlls  n  \(ii  when  slri|.|u'il  nl'  all  ilM 
titlior  tliHiculLlt.'s)  iiu  the  /'/tv/.sf  ilcti'iiiiiiKitiiui  nl'a  i|iiaiilil\ 
•  if  this  nature,  iiiid  ul' sui-li  v^/ry  iiiMilt..rat('  lua^nilutlc." 

(>tl'(lj   "  I'.ul  tlu'sf  (jthc;'  (lilHruUics  tlicliiscl\i'.s  arr  ol'  \u> 
trilliiiLi,'  (ivilir.     All  a.slroiKHnii'al  iib^truniiaits  arc  all'ccicd 
liy  (lillcrciicoH  (if  toiiiiKTaluiv.     Not  duly  dn  the  malciial'; 
111'  which  ihcy  are  eoiniKiscd  exjiaiid  and  roiitrail,  Imt  the 
iiuisoiny  and  snlid   |tieis  on  which  they   arc  erected.  na\ 
oven  till'  very  sdil  on  which  these  aii'  I'liunded,  |iiirtii  ipale 
ill  tlio  j^Tiieral  cliaiij^'c  rnmi  sniniiu'r  warmth  In  winter  enld. 
Hence    aii.si!   slow    oseillalniy    ninvenu'iils  nl'   cxriediii'dy 
minute  aiiiDunt,  which  K'\els  ami  iiliimlilincs  ariiird  Iml 
very  i'iadei[niile  means  dl'  detecting,  and  whicli,  /i-//,(/  nhn 
((nnucl  in   fitcir  period  (after  ri'jeetiii;^  wlialcMa    is  casual 
and  mnniontiivy),  mix  themselves  iiitimat«'ly  with  the  mat 
ter  (if  nur  eiKpiiry.     JJefraeliuii  too,  hosiiles  its  casual  vari 
ntiuiir-!  from  niuht  to  ni;;ht,  wliieh  a  lone;  series  of  oliservatiuii' 
Would  eliminate,  deiieuds  for  its  theoretical  cxjires-^icin  on 
the  constitution  of  the  strata  of  om  atmos|iliere,  and  the  law 
o!' the  di'^lriliutioii  (if  '.cat  and  naiistiiixi  at  diirerenl   ilc\a- 
tions,  which   cannot   lie   uiialleeted  liy  diireicnce  nf  seascn 
Xo  wonder,  then,  that  mere  meridional  olisi'rvulion.M  Mlmuld 
almost   u|i  to   llie   ]ires>  lit  time,  liavi!   jiroved  insiiHicii'iit, 
except  in  ouc  very  remarkahle   iictanci",  to  (dl'oid  uni|Uc 
lionalilc  evidence,  uiid  satisfactmy  ([uantitative  mcasiiri'iiieiit 
"f  the  i)arallax  f)f  any  lixed  star." 

(807.)  '■  The  instance  referred  tu  is  that  ol'a  (.'cnlaiiri,  nUt 
of  the  liriu'hte^t  and,  for  many  other  rca-niis,  one  nl'  Ihf 
most  reinarkalih;  of  the  southern  st.irs.     iMnni  a  .series  ol 
oliservatioiis  of  this  star,  made  at  the  I'oyal  <iii  i  i\atory  ol 
the  Cajic  of  (lood  Hope   in  the   years    I.SilJ  and    |:>;'.:'>.  \t\ 
Professor    Henderson,  with   the  noiral   circle  nf  that  cslali 
lishliielit,  a  iiarallax  to  the  aiiioiuii  of  an  entire  .se-  (jod  w,e: 
coiieluileil  nil  his  reduction  nf  the  oli-crvai  iiiii".  in  .|iie  IJtiii 
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iifU'V  his  ivliini  to  luiuliiiiil.  Sul»nt'(jUC'iit  (iliserviilioiis  li\ 
Mr.  Mack'iir,  piivtly  with  the  saiiic,  ami  jiartly  with  a  iifw 
and  Car  iiimv  fHiciciilly  iniistriuictl  'isiniiiiciit  of  (lie  same 
tlfscri|itic(ii  iiiadf  i.i  tlic  yuai'M  IS.".:  ml  J.Sllt,  havf  I'lilly 
tuiiliiiiu'il  lh(!  reality  dt'llu*  |taraila\  indicalcil  hy  rrofessdr 
ircliilfiSMii  s  olist'ivatioiis,  tliini;_;h  with  a  sliijht  ililiiinutioii 
ill  its  cDiU'liKk'tl  aiiiiiiiiit.  which  ((iiiics  mit  s-ijual  tn  (>"'.tl2S, 
111  aliiiiil  I'l'lhs  III'  a  sci.'diitl  ;  liiiijlit  slurs  in  its  inunciliutt 
IK  ijlliininrlnniil  in  III  1/  KiiKlfivti'd  hif  a  sinii/iii-  jii  ii(>r(ii((/  dis- 
/i/iin  iiK  lit,  ((ltd  thus  iiffiirdinij  sutisfiivthi'i)  jirnn/  l/iiit  tin  i/is- 
ji/iiii  iiti  III  iiiilii((Jnl  ill  thi  cKsi:  (>/  Ih.i  i'.lnr  in  i/instiiiit  is  nut 
iiini/i/ii  result  of  anniml  rnrintiniis  i,/  tt  ihin  ri(tiirt .  As  it 
is  iin)M)ssililc  at  jnvsciit  to  answer  I'nr  so  miniitu  a  iiuantily 
as  IIiaL  iiy  which  this  result  dilleis  iVmii  an  exact  second, 
W(!  may  consider  I  lie  distance  ol'  this  star  as  aiiitroximately 
eNjiressed  Jiy  the  |i,iiidhii  tic  unit  of  distance  I'eferred  to  in 
art.  SOJ." 

(MdS.)  "A  .short  time  iiievjoii-,  tn  the  )>idilicatioii  of  this 
imiioilaiit  resnll,  the  detec'.inii  of  a  seiisihle  and  nicasuruhle 
amount  III'  |iarall;i\  in  the  star  No.  til  <'y,eni  i>\'  F/ninstiuil's 
('iilii/nijKi  <;/  .S/(o\s,  w as  aiiiiouiiced  liy  the  celeltrated  astron- 
onii'i  of  Konisher-i  the  hite  ^I.  r.essel.  'J'his  i.s  a  small 
ami  incons|iiciions  star,  hanlly  exceeding;  the  sixth  ma;.,'ni- 
liide,  liiit  which  had  Iteeii  ]ioink'd  out  I'or  especial  oliser- 
vation  li\  tlic  icmailvalile  ciivum.stancc  ol' its  Iwinj^  alleeled 
liy  a  /'(•(</':/•  iiinfidii  (see  art,  So2j,  /.(.  a  rej;ular  and  contin- 
ually progressive  annual  dis|ilaceiiieiit  amoii>;  the  hur- 
loundini,'  stars  to  ihu  extent  ol"  inort'  than  '>"  jK'r  annum,  a 
i|iiantity  s.i  Miy  much  exceedin;^'  the  averaLje  of  similar 
miiuite  annual  displacements  which  many  other  slurs 
exliil.il,  as  to  li'ud  to  a  suspicion  of  its  heinu'  actually  nearer 
to  our  system.  It  is  not  a  little  ivmarlvalile  thai  a  similar 
liresiimptioii  oi  jiroxiinity  exists  als(»  in  the  case  ol  a  (Vi:- 
laiiri,  whu-r  unusually  larije  j.ropi-r  motion  t)l' nearly  I  per 
annum  is  stated  oy  I'rol'essor  lU'liderson  to  havi-  lieeli  the 
mot  ive  which  imluced  him  to  adiject  hi-'  oliservatious  of 
I  hat  -tai  tn  that  si'Veiv  discussion  W  Inch  led  to  the  delect  ion 
III"  it;  parallax        M    I'.e  -el's  olisi-rval  ion.;  i.t  (ij   Cy^'ni  were 
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coiiim(>iir(!(l  ill  i\ni,Mis(,  is;'.7,  inmii'diiiU'ly  tin  tluicstalilisli- 
inciif,  at  tli(>  Kniiislici^  nliscrviitoiy  of  a  iiiai:iiitiiciit,  lu-li- 
oiiH'tcr,  III*'  wurkiiiaiishiii  nl'  Lliti  ci'lcliratfil  (ijiiiriaii  Kraiiii 
liofcr,  of  Miinicli,  an  iiistniiiiciit  i'.s}i('(ially  litk'il  fur  tlic 
aystciii  ol'  nliHcrvatidii  adnptcd  ;  wliicli.  liciiii,'  Iniallv  <lil"- 
I'crciit,  tVtiiii  lliat  III'  (liii'cL  iiifii<liiiiiiil  (ilpscivalinii,  imnv 
r(!liiu!«l  ill  its  (•(  iic»']itinii,  ami  sii.s('c](lilil(!  ol'  far  un.'alfr 
acciimcy  ill  its  |:  actical  ajiiilicatinii,  wf  niiist  ikav  i'\|ilaiii." 
(Sim.)  "  Parallax,  ]trn|i<'r  niKlinn,  ami  s]i(!('ilic  aliciratiun 
((Icmiti-,;  liy  tli('  latter  pliiast-  tliat  part  nl'  tin-  alKTialinii  ol' 
a  star's  li.ul't  wliicli  may  lie  sii|i|)iis(.'il  lu  arisi?  i'nuii  its  imli- 
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ii's,  anil   uhii  li   we    liavc   i'Vi'r\-  rrasim    t" 


liclu'vi',  at  ail  cvi'iils,  an  cxrccilin^ly  luiniitt;  Irartiiiii  nl' tlic 
wliitlc),  ai'i'  till'  iiiily  iiraiinL;i'a]>liical  curri'iiinii.s  wliiili  iln 
not  ncci'ssarily  all'd't  aliki^  tlii'  a|t]iairiit  |ila<'i's  nl'  two  stars 
siliiati'il  ill,  or  in- if  nrar/i/  in,  tlif.  saiiu-.  visual  liiu'.  Sn|i- 
]Misiii^',  tlii'ii,  twii  stars  at  an  ininiciist!  ili>taiirt',  tlic  niii' 
lu'liiml  till-  iillirr,  iiiit  i/tlirrw  isc  sn  sitiiatnl  as  tn  .ijiIhmi 
nii'4  till'  saiiir  visual  liiii',  lliry  will  cui!  >liliitr 
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Iv  all 


wliat  is  rallnl  a  star  n/i/ii<i//i/  ihmli/i ,  to  ilistiii^iiisli  il  rmni 
a  star  /i/ii/ui<i//i/  ilmilift ,  ni  uliirli  nini''  lu  ifal'lcr.  Alicr- 
ratimi    (tliat    wliirli   is   (iiiiiiiinii   to    all    stars),   |in'r.i!ssii»ii, 


iintatiiili,    /'"'/,   '(■'//    ii/i'iii/ii'ii,  II ml    I iis/rniihii/ii/  nm.si'i  nf 

iliijUi  riill  (h.s/i/iii  I  ,11'  ilf ,  ii'ill  I'jJ'il  I  In' III  iiliLi,  III'  Ml  M'lV 
nearly  alike  ill'  the  iiiiiiiile  iliHeieiiie  uj'  iheir  a|iliaient 
jilaeos  lie  taken  inln  aiiniinr,  as  in  ailiiiil  nl'  llie  iliili'ieme 
Ilein^  iie;.'l>'"te(l,  nr  \eiy  ae(  niately  alliiweil  I'.ii',  hy  ail  easy 
rail  illatiiiii.  It'  tlieii,  iiisteail  uf  at teni|il  ill'.;  tu  iletemiiiie  liy 
(iliservatiiiii  till'  ]ilaie  ol'  tlie  nearer  nl'  two  .  >  /  y  ii imjiitil  sin r^ 
I  will  |iriil>alilv  lie  tlie  lar'^i-r)  liyiliierl  nli^ervatioii  of 
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its  ri'-'lit  aseeiisioii  ami  |iolar  ilislame,  we  'niilent  o'iincIm's 
uilli  ri'lerrim^  its  plaie  to  thai  nl'  its  reMnlei  ami  sinallei 
ioin|ianiiin  hy  *////(■/■< ////"/  nli-ii  rrn/inii,  /.. .  Ky  iiieasnriii^  niilv 
its  ilijIiriHii  III"  sitiiatiiiii  I'min  the  latter,  we  are  at  nine 
relieveil  of  the  neees-^il  v  nl'  iiiakin'4' these  I'nrreet  inns,  aiiil 
I'mni  iill  nneerlainly  as  lo  their  inlliieiiee  on  the  leaili. 
Ami  I'nr  the  very  same  rea  nii,  ermr-.  nl"  .Mljiislinent  (art. 
7;»ti),    nl'  ;;railuatinii,    ainl    .1    Im,!    n[    iiistniliiental    etrnrs, 


Mi 


.'I 


I! 


II 


ii 


r.\l!ALLAX. 


wliicli  wiuilil,  lor  tliis  (Icliciite  puiposo,  liitiilly  alViict  tlm 
itltsoluto  (It'tonniiiiitioi)  of  oitlier  star's  ])liv<'e,  an;  lianiiless 
wlicn  only  i\u:  (lillcniiicc  of  their  placos,  awh  et|ually 
all'cttctl  liy  Hucli  caiisos,  is  nMpiired  to  Ito  known." 

(Sid.)  "  Tlirowin;,' aside,  tluM'oforc,  tliu  con.sidoration  of 
all  llu'si'  (!nnrs  ant'  corrccticais,  and  disre^'anlin;,'  for  tliu 
lausont  tlu!  uiinutt;  cIlDct  of  aliorration  and  tlu;  uniforndy 
jiroi^re'ssivi!  oll'ect  ot  proper  motion,  lot  u.s  traco  tho  olfect  of 
the  dill'crtMices  of  llic  jiaridlaxes  of  two  stars  thns  juxta- 
poscid,  oi'  their  a] (parent  n-lativo  distaneo  and  ])osition  ut 
various  seasons  nf  tlu;  year.  Now,  the  parallax  hein^ 
inv(!rsely  as  the  distance,  the  (liin(;nsioiis  of  the  small 
ellipses  ajtparently  descrilied  (art.  H(l."»)  l»y  each  star  on  the 
eoneave  surface  of  tlu;  laMivcns  hy  parallactie  displacement 
will  dill'er — the  nearer  star  descril>in<^  tho  lar^'er  ellipse. 
r»ut  Itoth  stars  lyini,'  very  nearly  in  tho  same  direction  lr<»m 
the  sun,  these;  ellipses  will  he  similar  and  similarly  situated. 
Sujiposc;  S  and  s  to  lu;  the  ]>ositions  of  the  two  stars  as  ,s(!(;n 
from  the   sun,  and  let  AIW.'D,  »« /m;  (/,  lie  their   parallactie 
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ellipses;  then,  since  they  will 
lie  at  a!)  times  similarly  situ- 
ated in  these  ellipses,  when  tho 
one  star  is  seen  at  A,  the  oilier 
will  1h;  seen  at  ".  When  tho 
earth  has  made  a  quarter  of  a.  D 
revolution  in  its  nrliit,  tlnir 
apparent  jdaees  will  he  1'./^  ;  ^ 
when  another  quarter,  ( "'■ ;  a'ld 
when  anothei ,  I )'/.  IT,  tlieii. 
we  measure  carelully,  with  mi-  ^ 

(lonieters  adapted  for  tlu;  purpose,  their  apparent  siluatinn 
with  resjM'ct  to  i-,u\\  r»tlier,  at  dill'erent  times  of  the  year, 
we  should  perceive;  a  jieriodical  chanj^c;,  l»ot.'i  in  tlu;  illiri'limi 
nf  tiie  line  ininiiij^  them,  and  in  the  ilUltnicc.  hetween  their 
centres.  Vkw  the  lines  A",  aiicl  (  V,  cainiot  he  parallel,  iinr 
the  lines  \\h,  and  h-/,  eipial,  unli'ss  the  ellipses  he  (tf  e<|Ual 
dimensions,  ix.  unless  the  two  stars  have  the  sunie  parallax, 
or  are  cnuidistant  from  the  earth." 
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(Sll.)  "  Xow,  niicrometors,  |ii(i|K'rly  mounted,  I'liuIiK-  ns 
to  iiicivsnrc  very  cxiu-tly  hnili  the  distiiiici-  lictwceii  two 
(ilijccts  wliifli  .'itii  lie  si'cii  liim-tlicr  ill  the  saiuf  licltl  til  a 
U'li!scn|it',  and  llic  pusilimi  ul'  tlic  liin*  jninini,'  tluMii  with 
respect  til  the  huri/nn,  or  tlic  niciiih'an,  ur  any  othei  .,•'  t- 
niiliate 'liivclicui  in  the  hea\eiis.  The  d(M|lp|e  inaeje  .(i!.lii- 
nu^tcr,  and  es|ierially  tiie  helininrter  (art.  L'tM),  L'(»l),  is 
peculiarly  aila]»ted  for  this  ]»nrpnse.  'I'he  images  dl'  tiio  two 
stai'H  I'ornied  side  liy  si(h',  ur  in  the  same  line  pmloimed, 
liMWevei'  inonieiitarily  displaced  liy  temporary  relVaclion  or 
instrumenlal  tremor,  movi-  together,  preserving;  their  nda- 
livc  HJtuiition,  the  judgment  ol  w  hii-h  is  in  no  way  distiirhed 
l>y  sueii  iriei^nilar  iiioNcnieiits.  Th(!  helioiiieter  also,  takini.f 
in  a  i^reater  raiiLte  Ihriii  oiiliiiary  micrometers,  cnahh  s  us  to 
t'oinpare  one  larL,'e  star  with  more  liiaii  one  adjacenl  small 
one,  and  to  sidect  su(di  of  llie  latter  aiiioii';  many  near  it,  as 
shall  Ik-  most  iavoiuMhly  situated  lor  the  detection  ol'  any 
iiKttion  to  the  larije  one,  not  jiarticipated  in  hy  its  iieiLfhliour." 

(MI2.)  "  The  star  examiiii'd  liy  I'essel  lias  two  such  iu'i,i,di- 
liours  lioth  M'ly  minute,  and  thi'rcl'ore,  pi'olialdy,  very  dis- 
tant, most  I'avouralily  situated,  the  one  (s)  at  a  distance  of 
7'  4li",  the  other  (s')  at  11'  Id"  IVoiii  the  larifc  star,  and  .so 
situated,  that  their  directions  iVoia  that  star  make  nearly  a 
rijfht  aii.n'Ic  with  each  otiier.  The  ctlecl  of  par.dlas,  tliere- 
I'ore,  would  necessarily  cause  the  twn  distances  (^Ss,  and  Ss') 
to  va.ry  Ho  as  to  attain  their  maximum  and  minimum  values 
alternately  at  three-monthly  intervals,  and  this  is  what  was 
actually  ((li.si'rveil  to  i  ike  ]ilace,  the  onu  distance  lii'imr 
always  most  rapidly  on  the  inercase  or  dci-rease  when  the 
other  was  stationary  (the  uniloiiM  elli-ct  of  proper  motion 
licinif  understood,  oi'  course,  to  he  alway.s  duly  iiccounted 
lor).  This  akernation,  thouuli  so  small  in  amount  as  to 
indicate,  as  a  linal  result,  a  jtavallax,  or  rather  a  dill'ereiice 
of  parallaxes  lietween  the  lar.^'  and  small  stars,  of  hardly 
nujre  than  one-third  ol' a  second,  was  maintained  witli  such 
r(!;4ularitv  as  to  leave  no  room  for  re.isonalile  doubt  as  to  its 
cause  :  and  haviii;^'  Iieen  coiilirmed  liy  (he  further  conliii- 
uaiici-   tif    these   ohsci  \  at  inii ;.    and    (|uilc    recently    l'\    the 
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fxarl  ruhiciilfiiii'  littwci'ii  tlic  rt'siill  lliiis  ulilaincd  and  lliiil 
(Iccliif'tMl  Ity  M.  I'clris  IVitiii  ulisct \ Mtioiis  ol'  tlic  saiiic  star  at 
llic  nlisi'ivatitry  "f  rnlkosa,  is  cKiirtiilcivd  nii  all  IjhikIs  as 
I'liUy  rslalilislifil.  Tlic  |Mnilla\  >>[  this  star,  llimlly  i-esulliii;,' 
iVom  Ik'sscrs  Mlt.scrvatii^ii,  is  n'.:U,S,  sn  that  its  distaiico  IVoiu 
our  systoiii  is  mmt  lu'iirly  tlirci!  )»aralla(ti('  units  (art.  801)." 
(HVd.)  '■  The  l»ri;,dit  st.ii'  u  \.\v,\'  lias  also  lus'ir  it,  at  only 
4:»"  distance  faiid.  lln'i-.-rtiic,  w  iiliin  rc.icli  of  llic  |»!irallcl 
wire  or  ordinary  d'iiili|c-inia;.,'c  niicntnu'tcr),  a  very  miinite 

star  wliidi  lias  I ii  ^ul^icl■lcl|,  since  1S.>."»,  to  a  .severe  and 

assiduous  sciiitiny  li\  .M.  Sinnc,  on  llie  same  |>rinci|»le  ol 
din'erential  ohsdx  ni  inn.  Id'  li;e^  lluis  estal)lislu'd  tlie  e\isi- 
eiice  of  a  nieasiiralilc  anioiiiit  ol  |Kiralla\  in  (lie  lar<,'e  star, 
less  indeed  tli;ili  tlnd  of  HI  (  y^iii  (lieiny  only  aliout  ]  ol' a 
second\  l>nl  ycl  Millicient  (siicli  was  llie  delicacy  of  Ids 
ineasurenient-*!  tu  jusiily  iliis  e\cellent  oItser\er  in  an 
ii'tiiiK  ill-  llic  rc>iill  a-^  lit  liM^t  iii^ldv  )>rolialilc,  on  llic 
■>tvi'n;j;tli  ol'iiidy  li\e  ni'^lil-'  ol>-cr\  alion,  in  IS."i."i  mid  lS;it'i. 
This  |(ioli;iliilily,  ihi-  coiiliiuialioli  of  the  measures  to  the 
end  ol'  iS:'.S,  iuid  the  colli il (oral i\e.  llioiijjji  not,  in  this  case. 
|ireei.-.c|y  ciiiitridriil  rcsiiji  of  Mr.  I'cleis'  iiixest ij^futionf,  l:a\c 
con\cilcd  iiilo  II  ccilaiiily,  .M.  Slin\e  lias  the  merit  ol 
liein^;  I  In-  iir- 1  Im  luiiiu'  inlo  |trailical  application  this  niethod 
of  olMiT\,itiiiii,  uhi'di,  lliiii,'|i  pi'iipii-ril  I'lii  llie  purpose, 
and  lis  •,MV;il  iMl\aiil,e..;e--  piilllcd  oiil  li\  .'^ii  William 
Hersilid  >i.  earl\  a^  IT^^I,  remained  hai^  nnpro  lucti\e  ol 
any  result,  ow  in-  p.iiily  lo  the  imperrcclion  ol'  niicronnter-* 
lor  the  niiasurenu-nt  of  ili-.(;incc,  and  p.irtl_\  to  a  reason 
which  we  shall  prescnil\  li;i\e  oreasioii  to  relVr  to. ' 

(^il  I.  "  ir  til''  cnliipMlicnl  indiv  iiili;ds  S,  ■(  (li^Mirt.  HI  II!  he 
('as  is  nl'iiMi  the  case;  \ery  i  Imsi.  i,,  rM\\  olher,  the  paral- 
lactic \arialioii  ol  tlcir  "////A  n/  /Kin'tioii.  i\v  the  exlrenic 
an;,de  included  liciween  the  lines  \(i,  {'r,  may  lie  \ery  eon- 
siderahle,  even  lor  n  smdl  iiniount  ol'  dillerence  ol'  parallaxes 
lietween  the  larye  and  small  stars.  Koj'  instance,  in  the 
e.isc  III"  two  adjaceiil  stars  l.'i'  asunder,  and  otherwise 
l'a\ouralil\  situated  Imi  oliservation,  an  aninnil  lliietualion 
to   and    Ir.i   in  ijic  app.iivnl  diiviii,iii  nl'  their  line  o|'  jnni'- 


I'.u:\i.i  \v.  .V, 

tioii,  til  till!  (!\l('iii  III  li.kH  .1  i|(';{rf)>  ,1  i|ii,iiitity  \vliit  h  (inilil 
not  c.s('ii|K»  notic(5  in  the  imiaus  fit"  iiuincrMiis  i.nd  can'ful 
nicaxiircinciits).  wduM  cniTt'spuiiil  tu  ;i  (liltor  'iicc  (il  panilliix 
til'only  i  orascniiitl.  A  ilill't'nMi.c  u['  I "  iHstvecii  Iwd  stiii's 
fi|t[tiiroiitly  sitiiatc.'tl  at  ."»'  dist.ini'c  >iii;;lil,  civusc  iin  osrillation 
ill  that  liiu!  In  till'  cxicnt  nl"  iii»  less  than  1  I  \  ami  if  iicarci'. 
niu)  iH'oj)(»rtit»iially  still  j.'n'af('r.  This  ukmIc  u{'  Ml».s(M'\iitiuii 
has  ItecM  a|i|ilitMl  t.)  a  cfiMsiih'nilth'  iiuiiiIkt  (il'sl;i.s  hy  LonI 
Wn)tt<'sh(y,  and  with  sin'h  an  anininit  of  snccoHs,  as  to  make, 
its  f'lirthor  n])])litati(iii  ilcnirahh'.     (I'/ilf.  Ti',nu<.,  IH.'il.)" 

fMl."».)  "  Th(!  i'lilluwiiii;  arc  »iniiic  of  th*  principal  (ivnl 
stars  to  which  j»aralla\  Iia^  hccii,  up  In  fjii'  jncsciit  time, 
inoro  or  less  prohahly  assij^ncd  : 

a,  f'tiifni'rl 0'.t>7ti    lIcnilciSMU,  I  iin'il  l>y  I'l  ti'iN.) 

(il  Ci/ipil (•'.;!  IS  vl'.css('l.) 

bilmvl,  'Jjii.-.S.  ..  (I'l'di  iKri'iL'cr.) 
<h'll-j,i,  1 74 1 .'  r,. .  ()".L>47  ( Kriiu'cr.) 

*  uLi/ru II". l'-"»  (W.  Stiii\(',.ipir.  liyO.  Sliuvcj 

Sii'iii.i ••'.l."»()  (HciKJcrs.iii,  ciiir.  hy  Peters.) 

7il.  /'  (f/)!iiiit/ii t»".l<i    iKrii^'er.) 

f'r-i(r  Mtijnri.s  .  ...II'.!.".:!  frclcis.) 

Airfni'iis II'.  I  Ll7       il<>. 

I'll/, iris ii'.(ir.7      <\>>. 

(',i/h//i> (I  .dp;      .III. 

Allhon^h  the  c\l|cllli'   lllilllltcl|c>-<  nl     llir   l;l--l    I'lMII    III'    ihc^i; 

ritsnlts  (lejirivcs  thciii  nl'  iiiui  h  iiiiiiiciical  rcjiaut'c.  it  i.s  at 
least  cortuin  that  tlic  parallaxi's  hv  iin  incaiis  I'ulluw  tlic 
onlci'  of  niaj,'nitudcs ;  ami  this  is  I'artlicr  shnwn  hy  tiu^  fact 
that  a  Cy^iii,  mic  of  M.  rdcrs'  stars,  shows  aI»so!ulcIy  no 
indication  of  any  incasur.ildc  ]iaialla\  w  iialcvcr. ' 

Let  ns  now  examine  the  "  tlicoiv  nf  alicrraliiMi, '  low  hii  h 
(lUi  shown  hy  the  forei,'oin^n|  notation)  sii;,'reat  an  impnitamc 
is  attached  Ity  astronomers. 

We  will  first  take  tin?  explanalioii  L:i\cii  hy  I'r    Lardiicr. 

//iiinlf'iink  iij\,istiiiiii>iiii/,  jiau'c  I  7'"i  ; 

(L'Ud.)   "Alirrnitiihi  uf'/ii//if.      As^iiiiiiii-.  ihcli,  the  \c]ii. 

•  <J3.  »  .'J.'ij  (i«!t'  art.  8i;i). 
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city  oC  iJLjlit,  and  thai  the  0'<v[\\  is  in  nioliini  in  an  niUit 
round  the  sun  with  a  Mdncity  of  iiliout  1  '.•  miles  ]»or  .secdud, 
which  must  l»e  its  sjji-cd  if  if  niuvc  at  all,  as  will  heveal'ter 
appear,  an  ciTect  wonld  he  jii'ddufcd  njniii  the  a])parent 
])laces  of  all  celesti.il  ol.jects,  hy  llu-  coiuliinalinn  of  these 
two  motions  which  we  shall  now  o\i)lain. 

"It  has  been  stated  that  the  a])]»arenl  direction  ol'  a 
visible  olij(!ct  is  in  llie  direction  IVom  wliirli  the  visual  ray 
(Miters  the  eye.  Now,  this  direction  will  deptiud  on  the 
actual  direction  of  (hi'  lay  if  llie  eye  which  receives  it  ho 
((uiescent ;  hnt  il'  tlu^  eyc'  he  in  motion,  the  same  elfect  is 
produced  upon  the  oi'gan  of  sense,  ps  if  the  ray,  besides  the 
motion  which  is  prf)per  to  it,  had  another  motion  e(pial  and 
contrary  to  that  of  the  eye.  Thus,  if  li;j,lit  moving  i'rom 
the  north  to  the  south  with  a  velocity  of  .1 1)2,000  miles  per 
secomi,  he  struck  by  an  eye  niovinu;  iVoni  west  to  east  with 
the  same  velocity,  the  effect  produced  by  the  light  upon  the 
organ  will  be  the  same  as  if  the  eye,  being  at  rest,  were 
struck  by  the  liglit  having  a  motion  compounded  of  two 
equal  Ti'iOtions,  on(>  from  mirth  to  south,  and  the  other  from 
east  to  west.  The  direction  of  lliis  cumpound  etfeut  would, 
by  the  principles  of  the  coiujiosition  of  motion  (170),  be 
e(iuivaleut  to  a  motion  from  the  direction  of  the  north-cast. 
The  object  from  which  the  liglit  com(^s  would,  therefore, 
1)0  apparently  displaced,  and  would  b(>  seen  at  a  point 
beyond  that  which  it  really  occii]n'es  in  the  direction  in 
which  the  eye  of  the  (.b.^^M  ,cr  isnidved.  This  displacement 
is  called  accordingly  the  ai!i:i;i;ation'  (U-  i.icnr. 

"  This  may  be  made  still  more  evident  by  the  following 
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mode  of  illustriitioii.      LcL  (>  (Kig.  717)  Ik;  ilio  olijecl  (Voni 

,  Avliicli  lij^lit  comes  in  the  direction  Ooe".     Let  e 

?  P        bo  tlio  ])l<'ice  of  the  (!ye  of  the  observer  when  the 

\  i  light  is  p*-  0,  and  let  tlie  eye  Ije  sn])po.scd  to 

\         i  move  from  ."  to  ,■",  in  the  same  time  that  tlie 

';        j  liglit  moves  from  a  to  r".     Let  a  straight  tube 

'  be  imagined  to  be  directed  from  the  eye  at  r,  to 

i  the  liglit  at  o,  so  that  tlie  light  shall  be  in  the 

■.     i  centre  of  its  opening,  while  the  tube  moves  with 

;  the  eye  from  o  e  to  o"r",  maintaining  constantly 

'.,  i  the  same  direction,  ajul  remaining  parallel  to 

\ ;  itself:  the  light  in  moving  froiu  n  to  <■"  will  pass 

^^  '•,;  along  its  axis,  and  v/ill  arrive  at  r"  when  the  eye 

arrives  at  that  point.     Now,  it  is  evident  that  in 

this  case  the  direction  in  which  the  object  would 

be  visible  wouhl  be  the  direction  of  tiie  axis  of 

the  tube,  so  that,  instead  of  appearing  in  the 

direction  oO,  whicli  is  its  true  direction,  it  wouhl 

e^~e'i:~  a]»pear  in  the  direction  oO,  advanced  from  o,  in 
dinsction  of  the  motion  r  c",  with  which  the  observer  is 
aifected. 

"The  motion  of  light  being  at  the  rate  of  102,000  miles 
per  second,  and  that  of  the  earth  (if  it  move  at  all)  at  the 
rate  of  10  miles  ])er  second  (botli  tlicse  velocities  Mill  be 
estal)lished  hereafter),  it  follows  that  the  proportion  of  or" 
to  cc"  must  be  102,000  to  10,  or  10,000  to  1. 

"  The  angle  of  aberration  OoO  will  vary  with  the  ol)li(iuity 
of  the  direction  c  e"  of  the  observer's  motion  to  that  of  the 
visual  ray  o  r".  In  all  cases  the  ratio  of  ne"  to  re'  will  be 
10,000  to  1.  If  the  direction  of  tlie  earth's  motion  be  at 
right  angles  to  tlit^  direction  or"  of  the  object  0,  we  shall 

have  (2204)  tlie  aherration  a=^|;;-^i;=20'.42.  If  the  angle 
(u"eho  ol)li(iue,  it  will  be  necessaiy  to  reduce  r  c"  to  its 
component  at  right  angles  to  o  c",  which  is  done  by  multi- 
])lying  it  by  the  trigonometrical  sine  of  the  obli(|uity  flc"c  of 
the  direction  of  the  object  to  that  of  the  earth's  motion.  If 
this  obli([uity  be  expressed  liy  0,  we  shall  have  for  the 
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nberrations  in  general  ar:20".42  x  sin.  (>.  Acoording  to  this, 
the  aberration  would  be  greatest  when  the  direction  of  tho 
earth's  motion  is  at  right  angles  to  that  of  the  object,  and 
woiUd  decrease  as  the  angle  0  decreases,  being  nothing 
when  the  object  is  seen  in  the  direction  in  -which  tho  earth 
is  moving,  or  in  exactly  the  contrary  direction. 

The  phenomena  may  also  be  imagined  by  considering 
that  the  earth,  in  revolving  round  the  sun,  constantly 
changes  the  directioii  of  its  motion  ;  tl-at  direction  making 
a  complete  revolution  with  the  earth,  it  follows  that  tho 
cflect  produced  upon  the  apparent  place  of  a  distant  object 
would  be  the  same  if  that  object  really  revolved  once  a  year 
round  its  true  place,  in  a  circle  whose  plane  would  bo 
parallel  to  that  of  the  earth's  orlut,  and  whose  radius  would 
subtend  at  the  earth  an  angle  of  l!0".42,  and  the  object 
would  be  ah\  ays  seen  in  such  a  circle  90°  in  advance  of  tho 
earth's  place  in  its  orbit." 

Since  the  subject  is  of  great  importance,  we  will  also 
quote  the  explanation  given  by  aSW  John  Hersrhcl. 

OiitUncs  of  Astroiiomi/  (page  210)  : 

(328.)  "  Neither  precession  nor  nutation  change  tho 
apparent  places  of  celestial  objects  inicr  sr.  We  see  them, 
so  ftir  as  these  causes  go,  (us  Ikc]/  arc,  though  from  a  station 
niore  or  less  unstable,  as  we  see  distant  land  objects  cor- 
rectly formed,  though  appearing  to  rise  and  fall  when 
viewed  from  the  heaving  deck  of  a  ship  in  the  act  of  pitch- 
ing and  rolling.  But  there  is  an  optical  cause,  independent 
of  refraction  or  of  perspective,  which  displaces  them  oiir 
omong  the  other,  and  causes  us  to  view  the  heavens  under 
an  aspect  always,  to  a  certain  extent,  iiilse ;  and  whose 
influence  must  be  estimated  and  allowed  foi-  before  we  can 
obtain  a  precise  knowledge  of  the  place  of  any  object.  This 
cause  is  what  is  called  the  al)erration  of  light;  a  singular 
and  surprising  erfcct  arising  frf)m  this,  that  we  occupy  a 
station  not  at  rest,  but  in  rapid  motion  ;  and  that  the  appa- 
rent directions  of  the  rays  of  light  are  not  the  same  to  a 
spectator  in  motion  as  to  one  at  rest.  As  the  estimation  of 
its  effect  belongs  to  uranography,  we  must  explain  it  here, 
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Lliuiigli,  ill  so  cluing,  we  must  anticipate  .sonu!  i.l'  the  rcsult.s 
to  be  detailed  in  subsequent  chapters. 

(.■52!»,)  "  Suppose  a  shower  of  rain  to  fall  perpendicularly 
in  a  dead  calm;  a  person  csxposed  to  the  shower,  who 
should  stand  quite  still  and  upright,  would  receive  the  drops 
on  his  hat,  which  would  thufi  shelter  liirn;  but  if  he  ran 
Ibrward  in  any  direction,  they  would  strike  him  in  the  face. 
The  efi'cci  would  ]je  the  same  as  if  he  remained  still,  and  a 
wind  shouhl  arise  of  the  same  velocity,  and  drift  them 
against  him.  Suppose  a  ball  let  fall  from  a  point  A,  above 
a  horizontal  line  EF,  and  at  V,  v/ere  placed  to  receive  it  the 
open  mouth  of  an  incKned  hollow  tulje  PQ  ;  if  the  tube 
Avere  hehi  immoA'eablc,  the  ball  would  strike  on  its  lower 
siile;  but  if  the  tube  were  carried  forward  in  the  direction 
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V.V,  with  a  velocity  properly  adjusted  at  e\ery  instant  iu 
that  of  the  l)all,  while  i),rsrrvinfi  i/s  indinntiuH  to  the 
horizon,  so  that  when  the  ball  in  its  natural  descent  reachc* I 
(.',  the  tube  shoidd  have  I)een  carried  into  the  position  PuS, 
it  is  evident  that  the  ])all  would,  throughout  its  Avhole  dv- 
scent,  l)e  found  in  tiie  axis  of  the  tube;  and  a  .spectator 
referring  to  the  tu))e  the  motion  of  the  ball,  and  carried 
along  with  the  former  unconscious  of  its  motion,  woultl 
lancy  that  the  ])all  had  l)een  moving  in  the  inclined  (lirec- 
tion  PiS  of  the  tube's  axis. 

(ooO.)  "  Our  eyes  and  telescopes  are  such  tubes.  In 
whatever  manner  we  consider  light,  whether  as  an  advanc- 
ing wave  in  a  inoliotdess  ether,  or  n  shower  of  atoms  travcrs- 
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in,y;  spiicc  ([)rovided  tliat  in  Itotli  eases  we  iVL;ai'd  it  as 
alisolutely  iiicapaMc  of  sufleriiiif  resistance  ov  cor})oreal 
obstnu'tion  from  tlie  ])articles  of  trans] larent  media  traversed 
hy  it*),  if  in  tlic  interval  between  the  rays  traversin,^  the 
ol)Jeet  ,nhiss  of  tlie  ore  or  the  cornea  of  the  otlier  (at  vhifh 
ino'iiicnl  tliey  accj^uirc  that  converj^ence  wliicli  directs  tlunn 
to  a  certain  ])oint  ///  Jiird  sparc)^  and  tlieir  ai'ri\al  at  their 
focns,  tlie  cross  wires  of  the  one  or  tlu!  retina  of  the  otlier 
bi'  slip])cd  aside,  the  ])(»int  of  couvernence  (which  remains 
nnchanifcd)  will  no  longer  correspond  to  the  intersection  of 
the  wires  or  the  centi'al  jioint  of  onr  visnal  area.  The  object 
then  will  apprar  displaced  ;  and  the  amount  of  the  displace- 
ment i.'*  vlicrrafidiiy 

(.■!:U.)  The  earth  is  moviiig  through  space  with  a  velocity 
of  aliout  T.)  miles  per  si'coml,  in  an  elliptic  path  round  tlu' 
sun,  !uid  is  thert'fore  changing  the  direction  of  its  motion  at 
L'\ery  instant.  Light  ti'avels  with  a  velocity  of  l'.)2,0(>(> 
miles  jier  second,  which,  although  nuudi  greater  than  that 
of  the  earth,  is  yet  not  infiaildij  .w.  Time  is  occu])ied  by 
it  in  traversing  any  space,  and  in  that  time  the  earth  de- 
scribes a  space  which  is  to  the  former  as  1.0  to  192,000,  or 
as  the  tangent  of  2i •"..")  to  radius.  Suppose  now  APS,  to 
represent  a  ray  of  light  from  a  star  at  A,  and  let  the  tu])e 
]'Q  be  that  of  a  telescope  so  inclined  forward  that  the  focus 
formal  hy  its  object  ghiss  shall  bo  received  u])on  its  cross 
wire,  it  is  evident  from  Avhat  has  been  said,  that  the  incli- 
nati(ni  ol'  the  tube  must  be  such  as  to  make  PS  :  SQ  : : 
velocity  of  light :  velocity  of  the  earth  : :  1  :  tan.  20".") ;  and, 
therefore,  tlie  angle  -Sl'Q,  or  I'SP,  by  which  the  axis  of  the 

'  "  This  condition  fs  indispensable.  Without  it  wc  fall  into  all 
tlicso  dinicullies  whicli  M.  Dopplor  has  so  well  pointed  out  in  liin 
[lapei'  on  AbLTiation.  If  light  itself,  or  the  luminiforoiis  etlicr,  be 
corporeal,  the  condition  insisted  on  amounts  to  a  formal  surrond-n'  of 
tlui  dogma,  cither  of  the  extension  or  of  the  impenetrability  of  mit- 
t,;r ;  at  least  in  the  sense  in  which  tlioRC  terms  have  been  hitherto 
nsed  by  metaphysicians.  At  the  point  to  whicli  science  is  arrived, 
lirobablv  fi^w  will  be  iomul  dijpdr.cd  tn  nicnlion  cilher  the  one  or  the 
otlier.'' 
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telescope  must  deviate  from  the  true  direction  of  the  stars, 
must  be  2(r.5." 

(332.)  "  A  'simihir  reasoning  will  hold  good  when  the 
<  Erection  of  the  earth's  motion  is  not  perpendicular  to  the 
visual  ray.  If  Sl>  be  tlie  true  direction  of  the  visual  ray, 
and  AC  tlie  position  in  ^\■hich  the  telescope  rec^uires  to  be 
lield  in  tlie  apparent  direction,  we  must  still  have  the  pro- 
portion ]}C  :  })A  : :  velocity  of  light  :  velocity  of  the  earth 
: :  radius  :  sine  of  20".5  (for  in  siich 
small  angles  it  matters  not  whether 
we  use  the  sines  or  tangents).  But 
we  have  also,  by  trigonometry, 
EC  :  BA  :  :  sine  of  ]',AC  :  sine  of 
ACB,  or  CBP,  wliich  last  is  the 

apparent  displacement  caused  by  aberration.  Tlius  it 
appears  that  the  sine  of  the  aberration,  or  (since  the  angle 
is  extremely  small)  the  aberration  itself,  is  proportional  to 
the  sine  of  the  angle  made  by  the  earth's  motion  in  space 
with  the  visual  ray,  and  is,  therefore,  a  maximum  when  the 
line  of  sight  is  perpendicular  to  the  direction  of  the  earth's 
motion. 

(333.)  "  The  uranographical  effect  of  aberration,  then,  is 
to  distort  the  aspect  of  the  heavens,  causing  all  the  stars  to 
crowd,  as  it  were,  directly  towards  that  point  in  the  heavens 
which  is  the  vanishing  point  of  all  lines  parallel  to  that  in 
which  the  earth  is  for  the  moment  moving.  As  the  earth 
moves  round  the  sun  in  the  plane  of  the  ecliptic,  this  point 
must  lie  in  that  plane,  90°  in  advance  of  the  earth's  longi- 
tude, or  90"  bcMnd  the  sun's,  and  shifts,  of  course,  contin- 
ually, describing  the  circumference  of  the  ecliptic  in  a  year. 
It  is  easy  to  demonstrate  that  the  effect  on  each  particular 
star  will  be  to  make  it  apparently  describe  a  small  ellipse 
in  the  heavens,  having  for  its  centre  the  point  in  which  the 
star  would  be  seen  if  the  earth  were  at  rest. 

(334.)  "  Aberration,  then,  affects  the  apparent  right  as- 
censions and  declinations  of  all  the  stars,  and  that  by  quan- 
tities easily  calculable.  The  formula^  most  convenient  for 
that  purpose,  and  which,  systematically  embracing  at  the 
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same  time  the  corrections  I'or  precession  and  nutation, 
enable  tlie  oljserver,  with  the  utmost  readiness,  to  disen- 
cumber his  observations  of  ri'j;ht  ascension  and  declination 
of  their  inlluence,  have  lieen  constructed  by  Professor 
Bessel,  and  tabulated  in  the  appendix  to  the  first  volume  of 
the  Transnctiom  of  flic  Astronoiniral  Society,  where  they  will 
be  found  accompanied  with  an  extensive  catalogue  of  the 
places,  for  1830,  of  tlic  principal  fixed  stars,  one  of  the  most 
useful  and  l)est  arranged  works  of  the  kind  which  has  ever 
appeared. 

(335.)  "  When  the  b-ody  from  which  the  visual  ray  ema- 
nates is  itself  in  motion,  an  effect  arises  which  is  not,  prop- 
erly speaking,  al)erration,  tliongh  it  isusually  treated  under 
tliat  liead  in  astronomical  books,  and  indeed  confounded 
with  it,  to  the  production  of  some  confusion  in  the  mind  of 
the  student.  The  elfect  in  (question  (which  is  independent 
of  any  theoretical  views  respecting  the  nature  of  light)  may 
lie  explained  as  follows.  The  ray  by  which  we  see  any 
object  is  not  that  which  it  emits  at  the  moment  we  look  at 
it,  but  that  which  it  did  emit  some  time  before,  viz.,  the 
time  occupied  l)y  liglit  in  traversing  the  interval  which 
separates  it  from  us.  The  aberration  of  such  a  body  then 
arising  from  the  earth's  velocity  must  be  applied  as  a  cor- 
rection, not  to  the  line  joining  the  earth's  place  at  the 
moment  of  olvservation  with  that  occupied  by  the  body  at 
the  name  iiwmciit,  but  at  that  antecedent  instant  wlien  the 
ray  quitted  it.  Hence  it  is  easy  to  derive  the  rule  given 
l)y  astronomical  writers  for  the  case  of  a  moving  object. 
Fi'orii  the  known  la  its  of  its  motion  and  the  earth's,  calculate 
its  apparent  or  relative  anjular  motion  in  the  time  taken  hy 
liyht  to  traeerse  its  distance  from  the  earth.  This  is  the  total 
amount  of  its  apparent  misplacement.  Its  effect  is  to  dis- 
place the  body  observed  in  a  direction  contrary  to  its  appa- 
rent motion  in  the  heavens.  And  it  is  a  compound  of 
aggregate  effect  consisting  of  two  parts,  one  of  whicli  is  the 
aljerration,  properly  so  called,  resulting  from  the  compo- 
sition of  the  earth's  motion  with  that  of  light ;  the  other 
being  what   is   not   inniitly   termed  the  equation  of  liyht. 
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I'oin^^  tlic  allowiuicu  to  bo  mado  I'or  the  linu'  occupitid  I)y 
tho  liglit  ill  travcr,sin<,'  a  variable  space," 

(Tlio  last  seotidii  bviu<,'s  in  a  division  of  the  subject  not 
immediately  under  consideration,  but  it  is  <>-iven  hero  to 
complooe  tho  explanation  I)y  Horachel,  and  also  as  having 
l>cen  in  some  degree  conlbunded  ^v•ith  tlie  (so-called)  abei" 
ration  of  light.)     The  explanation  and  illustration  l>y  Lard- 
ner  aro  included  in  those  of  Herschel ;  it  will,  therefore, 
suffice  to  take  the  latter  for  particular  examination.     The 
definition  of  tho  meaning  is  l)y  inference  from  analogy,  and 
tho  lirst  illustration  is  tliat  of  the  shower  of  raim  '  The 
.simple  statement  of  fact,  herein  made,  appeals  to  tlie  expe- 
rience of  every  individual ;  and,  as  it  is  not  at  once  contra- 
dicted by  that  experience,  it  may  be  termed  plausible  ;  but 
even  in  this  sense— ?.t'.  as  a  simple  statement  of  fact— it  is 
not  strictly  true ;  and,  upon  more  careful  consideration,  it 
will  further  appear,  in  respect  to  the  application  to  l)e  made 
and  the  inference  intended  to  ha  drawn  from  it,  that  the 
statement  is  not  at  all  supported  l)y  fact.     It  is  true  that  if 
a  person  runs  rapidly  in  a  shower  <,f  rain,  a  drop  of  the 
water  may  come  in  contact  with  his  face,  which  would  not 
liave  done  so  had  ho  stood  still ;  but  it  is  surely  evident 
that  the  angle  at  which  tho  drop  of  water  has  descended  (or 
the  angle  at  which  it  rains)  cannot  have  been  altered  by  the 
person's  running,  and  this  is  the  question  at  issue.     A  drop 
of  rain  will  occupy  a  certain  time  in  descending  through  a 
space  equal  to  the  distance  from  tho  upper  part  of  a  nmn's 
forehead  to  his  chin  ;  and  if,  during  the  time  of  tliat  descent, 
a  man  running  brings  his  face  in  contact  with  the  drop,  the 
effect  is  the  same  as  if  the  drop  had  been  suspended  at 
that  height  from  the  ground  at  which  it  comes  in  contact 
with  his  face.     If  tho  rain, was  descending  vertically,  or 
even  if  descending  at  an  angle  in  the  same  direction'  in 
which  he  was  running— if  his  motion  was  sufficiently  rapid, 
tho  rain  might  still  come  into  contact  with  his  face  ;  would 
he,  therefore,  conclude  that  it  was  raining  in  the  opposite 

direction  to  that  in  which  he  ran  ?    The  expression "  the 

rain  strikes  his  face  "—under  such  circumstances,  although 
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quite  usual  in  ordinnry  cnnvorsation,  is  not,  in  a  strict  sonse, 
correct;  it  should  he,  "  lio  strikes  liis  face  against  the  rain." 
The  additional  supposition  of  the  wind  increa.sinf,'  the  eflect 
is,  in  regard  to  the  rain  only,  not  open  to  the  same  ol>jection, 
because  therein  would  be  an  actual  cause  operating  to  alter 
(increase  or  decrease)  the  angularity  of  the  rain's  descent; 
the  effect  of  the  wind's  force  wf»uld  (combine  with  that  of 
the  force  of  gravitation,  and  result  in  a  compound  effect ; 
hut  in  regard  to  the  analogy,  the  supposition  is  entirely 
false  and  inapplicable,  because  there  are  no  grounds  for  sup- 
posing that  that  wind  can  divert  or  affect  a  ray  of  light ;  on 
the  contrary,  it  is  quite  estaltlished  that  the  fact  is  the 
reverse :  the  most  violent  hurricane  does  not  cause  a  ray  of 
light  to  deviate  in  the  slightest  degree  from  its  direction  or 
angle  of  incidence. 

The  illustration  of  the  inclined  tube,  as  shown,  is  not 
altogether  incon'ect,  but  as  an  analogy  it  is  very  imperfect 
and  objectionable  ;  and  as  an  explanation,  very  likely  to 
mislead  the  student.  Taking  the  same  figure,  we  will  apply 
it,  in  the  first  instance,  as  follows  (supposing  the  inclined 
tube  to  be  leff^out  of  the  figure) :  ESF  represents  a  plane 
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moving  horizontally  with  a  certfiin  velocity  in  the  direction 
EF.  At  P,  in  the  perpendicular  line  APS,  is  a  l)all  falling 
vertically  from  A,  towards  S  ;  the  proportional  velocity  of 
the  moving  plane  EF  to  that  of  the  falling  ball  is  such,  that 
a  place  on  the  plane  will  move  from  Q  to  S,  in  the  same 
time  that  the  ball  falls  from  P  to  S  ;  consequently,  the  ball 
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r  will  fall  uiMii)  tlio  ]ila('C!  (^>.  Al  the  Siiimj  time  the  pliuo 
S  will  have  tncivod  tow  ids  V,  and  wlioti  1*  (the  hall)  arrives 
at  S  (or  (J),  S  will  have  arrived  at  T;  ST  lieiiig  oqiial  to 
QS.  The  interposition  of  the  tuhe,  in  fact,  alters  notliing; 
bnt  it  a])parently  coiu]tlirn(('.s  lh((  otlmrwife  sini])le  case — 
whieh  is,  that  the  l>all  falls  vertically  ainl  strikes  the  piano 
at  riffht  angles  to  its  position  and  motion:  just  the  same  as 
if  tlie  plane  had  remained  at  rest,  and  the  ball  had  been 
allowed  to  full  from  a  ])laoe  at  the  same  height  vertically 
over  Q. 

The  analogy  of  the  lalliug  ])all  to  light  emitted  from  a 
luminous  body  is  very  im]terfect,  Ixuianse,  whereas  the  ball 
can  only  fall  vertically  or  in  some  one  angular  direction, 
the  rays  of  light  from  the  luminous  body  arc  emitted,  in 
every  angular  direction,  in  radiant  lines  from  the  body  as  a 
centre.  The  conditions  of  the  case  arc,  therefore,  essentially 
different  from  those  of  a  l)all  falling  vertically;  whatever 
distance  is  assumed  for  A  (sujiposing  it  a,  star),  rays  of  light 
will  be  continually  arriving  at  the  earth  in  all  angular 
directions,  and  whenever  the  earth,  moving  in  the  direction 
EF,  arrives  at  Q,  it  will  evidently  meet  rays  of  light  which 
have  just  arrived  from  the  star.  By  the  illustration,  the 
ball  falls  vertically  upon  the  moving  plane  ;  now,  supposing 
the  ball  is  made  t<-)  descend  at  a  definite  angle,  as,  for 
instance,  through  the  tube  I'Q,  it  would  strike  or  come  in 
contact  with  the  plane  at  its  angle  of  descent  (i.e.  PQS), 
not,  however,  at  the  place  Q ;  supposing  the  plane  to  be  in 
motion,  and  Q  to  have  l)een  at  the  base  of  the  tube  when 
the  ball  commenced  to  descend,  evidently  Q  during  the 
descent  will  have  moved  tf)  S,  and  another  place  on  the 
movinfT  plane  will  receive  the  ball ;  ])ut  this  does  not  alter 
the  angle  of  iiu'idence  of  tlic  ball  or  of  the  light. 

The  correctness  of  this  theory  (al)erration  of  light)  may  be 
tested  by  the  illustration  of  the  method  of  determining  the 
sun's  parallax  (as  given  in  ITcrschcFs  Astronomij,  Fig.  art. 
355).  We  will  suppose  the  cartli  to  l)e  moving  in  its  orbit 
in  the  direction  of  the  arrows ;  the  effect  of  the  aberration 
of  light  (if  real)  would  be,  as  explained  in  the  preceding 
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rHiotiitioiis,  Id  sliill  Lilt'  ii|i]i;nviit  pLirc  dl'  tlw,  ,sim  iVdiu  S  to 
(some  jiliifi')  T.     Cniisi' [iicully,  il'tlic  /(Miitlis  of  tim  places 


oi' (ilist'lVillinll  WiTC  (IrlcilililU'd  ill(lr|H'Il(lt'lllly  dl"  llu'  siiu's 
iipparont  place,  the  eirect  would  lie  to  give  a  dillenMit 
parallax  I'dv  the  two  places  ;  that  of  ]»T(J  heiiif,'  [greater  than 
ATC  ;  or  if  the  zeniths  of  the  iwo  places  of  observation  were 
determined  hy  (derived  from)  the  observed  place  of  the  sun, 
then  the  effect  wonld  l)e  to  increase  the  actual  ])arallax — i.e. 
the  total  ajtparent  displacement — hy  the  distortion  due  to 
aberration.     (Bi/  an  addition  of  20".."  l) 

We  are  accordingly  obliged  to  conclude  that  the  aberration 
of  light  as  described  in  the  works  of  Lardner  and  llerschel, 
having  no  actual  foundation  in  fact,  is  altogether  imaginary. 
If,  then,  we  assume  that  those  observed  effects  wliich  have 
been  attributed  by  astronomers  to  aberration  of  light  are 
really  the  effects  of  jiarallax,  can  we  thns  (from  the  total 
amount  of  parallax)  oljtain  an  a}>proximate  measure  of  the 
distance  of  the  visible  stars  ?  The  quotation  already  given 
from  nerschcl's  work  shows  that  the  efforts  of  astronomers 
to  obtain  even  such  approximate  measurement  have  been 
entirely  unsuccessful.  These  attemi)ts  were  made  by  helio- 
centi'ic  or  .'mnual  parallax,  in  which  the  distance  of  the 
earth  from  the  sun  serves  for  the  ])ase  line  of  the  triangle. 
But  this  heliocentric  parallax  (as  a  trigonometrical  process) 
differs  essentially  from  the  geocentric ;  nor  is  it  anywhere 
explained  how  the  apparently  great,  if  not;  insurmountable, 
difficulty  of  thus  directly  obtaining  the  parallax  of  any  star, 
even  if  the  distance  was  much  less  than  the  distance  of  the 
sun,  has  been  overcome.  It  is  evident  that  knowledge  as  to 
the  distance  of  a  body  is  obtained  in  the  geocentric  method 
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liy  the    two  (>li,st')'vati(tiis   fniiii  idaccM,  at  u  definite  and 
Known  distanct;  IVoni  uaidi  oilier  on  the  earth,  Ijein;^-  made 
at.  thcf  same  tinu;;  Init  toolilain  jtaralhix  liy  the  helioeentric 
nu!th(»d,  it  is  impi^ssilih;  lor  two  observers  to  be  stationed  at 
dillerent  ami  distant  phiees  in  the  earth's  (jrl)it  at  the  same 
time,  and  tlierciore  the  method  did'ers  essentially  from  the 
.geocentric.     It  is  trne  an  observation  ean  be  made  from  the 
earth  at  one  extremity,  or  at  any  i)lace  in  the  orbit,  and 
then  a  second  observation  can  l)e  made  from  the  o[iposito 
extremity  ur  from  some  other  distant  ])la(;e  in  the  orbit ; 
anil  the  two  oliservations  may  be  e(jni])ared  ;  Imt  do(>s  it 
follow,  or  is  it  to  be  expecteil  that  the  same  result  uh  by  the 
,u;e()centric  method,  or,  indeed,  that  any  (reliable)  result  can 
be  in  this  manner  obtained  !     Jl"  some  of  the  stars  moved 
with   a   known  velocity,  and   others   were   com])aratively 
motionless,  it  is  not  dillicult  to  understand  that  observations 
oftlKnu  would  have  a  diU'erential  value  i'rom  which  further 
knowded^^o  miii'ht  l)e  ol)tained.     lint  as  all  the  stars  are 
relatively  (almost)  motionless,  it  does  not  a])pear  where  the 
standard  of  comparison  is  to  be  found,  or  whence  thediffeV- 
ential  aii^le  to  be  obtained  upon  which  to  base  the  compu- 
tation.    Thv.  apparent  motion  of  all  the  stars  (supposing  the 
distance  of  them  all  to  be  very  great)  is  necessarily  nearly 
the  .same.     An  essentially  distinct  basis  for  th''  com]"itation 
has,  therefore,  to  be  .sought,  and  it  is  suppo.sed  to  ha.     Iteen 
i'ound  in  observing  the  relative  positions  of  the  sun  an     the 
star  to  that  of  the  earth  when  at  the  ceni;ral  place  crpially 
distant  from  the  two  extremities  of  the  orbit;  and  then 
again  observing  the  altomtion  in  the  relative  augidar  position 
of  tlu^  earth  and  sun,  and  the  carlh  and    tar,  respectively — 
in  this  manner  obtaining  two  v..       .irativc  angles  ■which  are 
])roportional  to  each  other  in  the  h,i;me  ratio  as  the  distr.nce.s 
of  the  sun  from  the  star,  and  of  the  sun  from  the  earth,  are 
to  each  other ;  and  since  the  last  is  a  known  rpiantity,  the 
first  can  1)0  thereby  obtained.     The  following  is  the  descrip- 
tion and  illustration  given  in 

Lanhicra  ITawlbnok  of  Adronomy,  page  171 : 

(2I1-'J.)  "  Amnntl  pnrallti.r.    -If  the  earth  be  nduutted  to 
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move  annually  roiuid  the  sun,  as  a  stationary  centre  in  a 
circle  ^vllose  diameter  must  have  the  viist  magnitude  of  200 
millions  of  miles,  all  observers  placed  upon  the  earth,  seeing 
distant  objects  from  points  of  view  so  extremely  distant  one 
from  the  other  as  are  opposite  ctremities  of  the  same 
diameter  of  such  a  circle,  must  necessarily,  as  might  be 
supposed,  see  these  objects  in  very  difl'erent  directions. 

"To  comprelicnd  the  elfoct  Avhicli 
might  be  expected  to  be  produced 
upon  the  apparent  place  of  a  distant 

object  by  such  a  motion,  let  7i'  J'J  E  K 
(fig.  71.8)  represent  the  earth's  annual 
course  round  the  sun  ac  seen  in  per- 
spective, and  let  0  be  any  distant  ob- 
ject visible  from  the  earth.  The  ex- 
tremity E  of  the  line  EO,  Avhich  is  the 
visual  direction  t)f  the  ol»ject,  being 
carried  with  the  earth  round  the  circle 

E  E  E  E,  will  annually  describe  a  cone 
of  which  the  base  is  the  path  of  the 
earth,  and  the  vertex  is  the  plac(;  of 
the  object  0.     While  the  eartli  moves 

round  the  circle  E  E,  tlie  line  of  visual 
direction  would,  therefore,  have  a  cor- 
i'esponding  mcition,  and  the  a])])arent 
place  of  the  ol)jfect  would  be  succes- 
sively changed  with  the  chinge  of  di- 
rection of  this  line.  If  the  object  be 
imagined  to  be  projected  by  the  eye 
upon  the  lirmament,  it  would  trace 
upon  it  a  \nxi\i  oo'  u"u"',  which  would 
be  circular  or  elliptical,  according  to  the  direction  of 
the  object.     AVhcn  the  earth  is  at  E,   the   object  would 

be  seen  at  o  ;  and  when  the  earth  is  at  E,  it  woidd 
be  seen  at  o".     The  extent  of  tiiis  a])parent  displacement  of 

the  object  would  be  measured  by  the  angle  E  0  E,  which  the 

diameter  E  E  o^  tlie  earth's  )>ath  or  oibit  would  sul)tend  at 
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the  olijooL  If.  It  lias  I)L'oii  statotl  that,  in  yeiuH'al,  tho  ajt]»a- 
roiit  clisplacoinont  ol"  a  distant  visible  object,  produced  bv 
any  change  in  the  station  iVoin  which  it  is  viewed,  is  called 
pavalJa.i.  That  wliicii  is  pioduced  by  tlie  change  of  position 
due  to  tlie  diurnal  motion  of  the  earth  being  called  dlaraul 
j)irralla.i ,  tlie  corres])onding  displaconicnt  diie  to  fli.e  annuid 
motion  mI"  th(!  earth  is  uallod  hiiiihk/  pn i'(f //((■!." 

The  general  coni'lusion  couu^  to  is  the  same  as  that 
expressed  in  the  (piotation  jmiviously  given  from  Hcrscliers 
work  :  namely,  that  no  ])aralla\  of  any  of  tlie  stars  has  lieeu 
olttained  in  this  v/ay.  On  careful  examination,  however,  it 
will  appear  that  all  tlie  jjarallax  oltservations  in  recent  times 
have  been  made  with  a  fon^goiie  conclusion  that  no  parallax 
was  attainable  ;  or  tliat.  if  any  was  attainable,  it  must  neces- 
sarily be  an  extremely  small  amount,  not  exceeding,  at  the 
utmost,  the  sine  of  1".  The  conserpience  seems  to  have 
been  that  any  quantity  of  parallax  obtained  exceeding  this 
I"  has  been  set  down  to  aberration  of  light,  or  to  erroi'. 

The  Eiu'i/c/()])rdit(  Bi'lKKulcd — art.  A-'^/roiiom// : 
"  Suppose,  \'ov  example,  w(>  observe  a  star  situated  in  the 
jilane  of  the  ecliptic.  When  the  earth  is  at  that  point  of 
its  orbit,  Itetween  the  sun  and  the  star,  where  the  tangent 
to  the  oi'bit  is  perpendicular  to  the  visual  ray  (which,  on 
account  that  the  star  has  no  sensible  ]>arallax,  always  main- 
tains a  ])arallel  direction),  tlui  a])])areut  place  of  the  star 
will  be  L'O'.l  to  the  westward  of  its  true  place  ;  so  that  it 
will  a])))car  to  have  an  oscillatiny  motion  on  the  ecliptii", 
the  range  of  which  is  40".(S,  and  the  ])eriod  exactly  a  year. 
TTalf  *vay  between  these  two  ])oints,the  tangent  of  the  orV»it 
is  j)arallel  to  the  direction  of  the  ray  of  light,  and  conse- 
(piently  there  is  tio  aberration.  When  the  star  is  not 
i^ituated  in  the  ecliptic,  it,  will  sull'er  a  displacement  in 
latitude  as  well  as  in  longitude.  To  render  this  more  intel- 
ligible, let  /;  A'  I'J  (fig.  28)  1)0  the  ecliptic;  E,  the  earth  ; 
andyl,  the  true  place  of  a  star  situated  at  any  altitude 
above  the  ecliptic.  in  the  direction  E.i,  take  Ea  to 
represent  the  velocity  of  light ;  "  A,  that   of  the  earth, 
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and  ill  a  parallel  direction,  that  is,  parallel  to  the  tan- 
gent to  the  ecliptic  at  B ;  the  line  Eh  will  now  bo  the 
apparent  visual  ray,  and  the  star  will 
seem  to  be  sitnated  at  B.  Suppose 
the  earth  to  be  ])laced  at  dinerent 
]K)ints  of  its  orbit ;  the  lines  IJa  will 
1)C  all  parallel  to  each  other,  on  ac- 
count of  the  infinite  distance  of  the 
star  A  ;  the  lines  a  h  will  vary  little 
in  magnitude,  because  they  are  very 
small  in  comparison  to  En,  ])ut  their 
directions  will  undergo  every  possible 
change,  being  always  parallel  to  the 
tangent  at  E.  At  the  two  points  iA 
the  orbit  where  the  tangent  is  paral- 
lel to  EA,  the  two  lines  E(t  and  a  h  coincide,  and  consc- 
(piently  there  is  no  aljcrration.  Lot  us  next  suppose  the 
star  to  l»e  situated  in  the  pole  of  the  ecliptic.  In  this  case 
the  visual  ray  is  constantly  perpendicular  to  the  direction 
of  tlie  earth's  motion,  so  that  the  star  will  always  appear  at 
a  distance  of  20".4  from  its  true  place,  or  appear  to  descrilw 
a  small  circle  about  the  pole  of  the  ecliptic.  In  all  other 
situations,  out  of  the  ecliptic,  the  star's  apparent  path  will 
be  an  ellipse,  the  major  axis  of  which,  parallel  to  tho  plane 
of  the  ecliptic,  is  always  40 ".8,  while  the  minor  axis  varies 
as  the  sine  of  the  latitude." 

Lardnr r  s  Ilamlhook  of  Aslro)io)iii/,  page  179  : 

(2447.)  "  Close,  reset ahlancc  of  'he  effects  of  Pandlax  to 
Aberration. — Xow,  it  will  be  apparent  that  such  phenomena 
bear  a  very  close  resemblance  to  those  of  aberration  already 
descril)ed.  In  both  the  stars  appear  to  move  annually  in 
small  circles  when  situate  1)0''  from  the  ecliptic  ;  in  both 
they  appear  to  move  in  small  ellipses  between  that  position 
and  the  ecliptic  ;  in  both  the  eccentricities  of  the  ellipses 
increase  in  approaching  the  ecliptic  ;  and  in  both  the  ellipses 
ilatten  into  their  transverse  axis  when  the  object  is  actually 
in  the  ecliptic." 


I'AR.VM.AX   AND   AUERUATIOX. 


r.i 


/ 


f) 


(2448.)  "  Yet,  aberration  cannot  arise  from  parallax. — 
Xotwitlistantling  this  close  correspondence,  the  phenomena 
of  aberration  are  uttei-ly  incompatible  with  the  effects  of 
annual  ])arallax.  The  apparent  displacement  produced  l)y 
aberration  is  always  in  the  direction  of  the  earth's  motion  ; 
that  is  to  say,  in  the  direction  of  tlie  tanj^rent  to  the  earth's 
orbit  at  the  point  where  the  earth  happens  to  be  placed. 
The  apparent  displacement  due  to  parallax  would,  on  the 
contrary,  be  in  the  direction  of  the  line  joining  the  earth 
and  sun.  The  apparent  axis  of  the  ellipse  or  diameter  of 
the  circle  of  aberration  is  exactly  the  same,  that  is  2()".42, 
for  all  the  stars  ;  while  the  apparent  axis  of  the  ellipse  or 
diameter  of  the  circle,  due  to  annual  parallax,  would  be  dif- 
ferent for  stars  at  dilferent  distances,  and  would  vary,  in 
liict,  in  the  inverse  ratio  of  the  distance  of  the  star,  and 
could  not,  therefore,  be  the  sanie  for  all  stars  whatever, 
except  on  the  supposition  that  all  stars  are  at  the  same  dis- 
tance from  the  solar  system,  a  supposition  that  cannot  be 
entertained." 

But  the  illustration  X,  Fig'.  718  of  page  48,  taken  from 
Lardner's  own  work,  will  show  that  the  oljserved  effect, 
amounting  to  20".4*,  is  precisely  that  which  would  be  occa- 
sioned l)y  parallax  ;  and  as  it  has  been  now  shown  that  the 
theory  of  the  "  aberration  of  light "  is  not  based  on  fact,  and 
since  that  theory  is  consequently  untenable,  there  is  no 
longer  any  oltstacle  to  prevent  the  observed  effect — i.  c  tlie 
20".4— being  attril)Uted  to  that  cause  to  which  it  evidently 
belongs— namely,  ]xarallax.  This  amount  20".4,  therefore, 
may  be  considered  as  an  approximation  to  the  average  or 
mean  parallax  of  a  great  number  of  tlie  visil^le  stars.  By 
the  method  of  the  heliocentric  parallax— if  the  star  was  at 
a  distance  from  the  plane  of  the  ecliptic  equal  to  the  diam- 
eter of  the  earth's  orljit,  the  lines  of  junction  would  evi- 
dently form  an  angle  of  45  degrees  (the  earth  having  moved 
from  one  extremity  of  the  orliit  to  the  other— see  Fig.  0). 

*  tn  the  preceding  quotation  from  the  Fncyc.  Urilta.,  this  quantity  is 
given  as  40'.8 ;  but  the  writer  of  tlic  art.  therein  appears  to  have  tiius 
doubled  the  quantity,  by  attributing  tlie  effect  due  to  tae  distance  of 
the  entire  diameter  of  the  earth's  orbit  to  only  half  that  distance. 
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We  obtiiin,  tiierefore,  tlic  luuportujii : 

As  4.V'  :  2(i".4  :  :  distance  of  llic  star  :  lOO  luilliou  unla^i, 


^ 


wliicli  roprosoiils  ^iiipvoxiniatoly)  llii'  average  or  moan  dis- 
tance of  those  stars  I'roni  the  sun  :  (about)  00,529,518  mil- 
lion miles,  or  <J52,It12  tiiue^  the  distanee  (.1'  the  sun  from 
the  earth. 
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Al'I'KXhIX  TO  Sl'l'l'I.KMKXT  W. 


f- 


I'LATE  J,  Fn;.  4.— "  The  liorizoiitiil  lino,  or  dhsri.istt,  is 
divided  into  equal  parts,  each  representing,'  50"  of  heliocentric 
lonfjjitndo  in  the  motion  (jf  Uranus  round  the  sun,  and  in 
which  the  distances  between  the  horizontal  lines  represent 
each  lUO"  of  error  in  longitude.  The  result  of  each  year's 
observation  of  Kranus  (or  of  the  mean  of  all  the  observations 
obtained  durinff  that  year)  in  longitude  is  re])resented  by  a 
black  dot  placed  al)Ove  or  below  the  point  of  the  nhsrm(f, 
corresponding  to  the  mean  of  the  observed  longitudes  for 
the  year,  al)oV(^  if  the  ol»sorved  longitude  be  in  excess  of  tlie 
calculated,  ])elow  if  it  fall  short  of  it,  and  on  the  line  if  tliey 
agree  ;  and  at  n  distance  from  the  line  c()rres])onding  to  this 
difference,  on  the  scale  above  mentioned.  Thus,  in  Flam- 
steed's  earliest  oltservations  in  TG'.IO,  the  dot  so  marked  is 
placed  above  the  line  at  Go^O  above  the  line,  the  observed 
longitiule  being  so  much  gi-eater  than  the  calculated." 

(70.').)  "If,  neglecting  the  individual  points,  we  draw  a 
curve  (indicated  in  the  figiue  by  a  fine  unbroken  line) 
through  their  general  course,  we  shall  at  once  perceive  a 
certain  regularity  in  its  undulations.  It  presents  two  great 
elevations  above,  and  one  nearly  as  great  intermediate  de- 
pression l)el()W  the  medial  line  or  rtfomw.  And  it  is  evident 
that  these  undulations  would  be  very  nuich  reduced,  and 
the  errors,  in  conse(iuence,  greatly  palliated,  if  each  dot 
were  removed  in  the  vertical  direction  through  a  distance, 
and  in  the  direction  indicated  by  the  corresponding  point  of 
the  curve  ABCDEFUIT,  intersecting  the  abscissa  at  points 
180"  distant,  and  making  equal  excursions  on  either  side. 
*  *  *  ♦ " 


:.(; 


.M'l'KMtlX. 


(7lJ4.)  "  Let  us  iKiw  cuiisidor  llu;  idlucl  of  an  crnmeons 
iis,smn])tinn  ol'  tlic  pJarc  ot'the  perihelion.  Supiio.se  in  Fig.  2, 
n  :r  ti)  rcin'esent'tho  loiig'itndc  ol"  a  planet,  and  ./■ //  tlic 
excess  <it"  its  true  al)Ovo  its  mean  longitude,  due  to  elli[)- 
tieity.  *  *  *  *" 

(7C)G.)  "  Let  this  iiierease  of  period  ho.  made,  and  in  cor- 
respondence  with  that  change  let  the  longitudes  bo  reckoned 
at  (I  h,  and  the  re.sidual  dilT'erences  from  that  line  instead  of 
A  B,  and  wc  shall  have  done  all  that  can  be  done  in  the 
way  of  reducing  and  ])alliating  these  dilT'erences." — 
[I [(')•>,(■  II cFx  Oi'f/ini's  of  Adronomy) 

The  above  tjuotation  sufliciently  ex.  ^ains  the  plate  in  its 
application  to  our  argument:  nan>ely,  as  indicating  the  na- 
ture of  the  methods  ado))tcd  foi"  reconciling  the  discordance 
between  the  tlu.'ory  aiid  tlie  observations.  For  the  full  and 
more  ])articular  explanation  of  the  plate,  the  reader  is 
referred  to  the   vork  to  which  it  liclongs. 
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